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LOW PRICES 


we'll match any genuine web price! 
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Visionary 


Good optics and excellent value for money. 


: : ; 3” starter telescope 
Classic styling with rubber armour. 


complete with finderscope, _ 
table base and eyepieces. 0 





Visionary Visionary 


Good optics and excellent value for money. 
Classic styling with rubber armour. 











80mm objective refracting telescope. 
Sets up in minutes and really easy to 
use. This is a great starter telescope 
yet has all the features to grow with 
your hobby. 



















A strong and sturdy binocular - excellent value. 
Great tool for viewing the night sky at a great price. 


«Elinor 10x 
BAK 4 prisms, Fully multi coated , waterproof 
and nitrogen filled. 


Olivon x 
Great quality IF focus system binoculars. Rubber 
armoured, waterproof, BAK4 optics, shock resistant. 


4.5” mirror reflecting telescope with 
full astronomical equatorial mount 

takes just a short time to set up and 
use. Great for the beginner wishing i 
to learn all the basics of astronomy. “3 * 
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6” mirror reflecting telescope gr 
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EYEPIECES/ACCESSORIES _ Ostara Crystal moon filter 1.25”......... £9.99 | aah Me Sees ec atena, 
Plossl 5mm (1.25”’)........ seer, £14.99 Ostara Crystal moon filter 2”.......0000 £19.99 eae 4 eee ne wns a 
Plossl 10mm (1.25”) -avs£14.99 Ostara O-1II filter 1.25%. .ccccsn£49.99 SATB Ise aThifll aPetEod and 
Plossl 15mm (1.25) wes £14.99 Ostara O-1 11 filter 2” ..eeccsssssssseeesen £59.99 EQ2 mount, side finder scope 
Plossl 20mm (1.25) sss £14.99 Ostara 2x achro barlow sess £34.99 and two eyepieces. 
Plossl 25mm (1.257) sss EI7.99- Ostara 3x achro barlo ...seessssssseeesee £39.99 | 
Plossl 30mm (1.25) ..ssssssssssee £17.99 Ostara 45 degree 1.25" vac £29.99 a 
oes ee (! a re ! oe Ostara 90 degree 1.25". .eccsscessessen £29.99 — 
Super Wide angle 10mm (I. 99 Ostara 45 degree 2 eccccccsneeneen £99.99 
Super Wide angle 20mm (I.25") £44.99 Qctara 90 degree 2" £99.99 Vi sionar 
FF Simm (1.25) seossssssssssessseen £49.99 ae oe EES . ort oric — 
FE P 2mm (1.25) cessccssssscssesee £49.99 REP ee edibiioculars featuring a 
FRelSram(l25) een cere £49.99 EYESH i E LDS Fit comfortably around the eyes blocking out | ~ | BAK4 prisms, fully coated lenses, 
FE Z7mmMge2o \asnsnr eer £49.99 all distracting light and wind, enveloping the eyes in total darkness and Long eye relief, rubber armour body. 
ae rl es ee fhe ide ae = 5 oN een Fates | HD 8x42 .....£69.99 
ITMIVT C2? Wcctercvcettceeaseeee ; yeshield Single for scopes and astro eyepieces : HD 8x56 .....£99.99 


SWA 38mmM (2”)....cccssccssecseeeees £79.99 Eyeshield pair — for compact binoculars £19.99 


CA eee Eyeshield pair _ for larger binoculars £19.99 e 
S Many more filters and accessories 


We stock T2 mounts in stock, great prices! 


HD 10x50....£79.99 
HD 1|2x60....£89.99 
HD 15x70....£99.99 
HD 20x80.£149.99 
HD 20x80T £249.99 





HUGE RANGE 


. ae of eyepieces and 
C Ey, Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. accessories 


dtl as : r c 
aarti K Callers very welcome, please check website for opening times. 


is a group of independent specialist 


eh cular Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK: The Far-Sighted binocular company 
utletcouk piInocularoutiet.co.uK optical goods suppliers. For more 


information please visit 


ZZ. Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwilheli, Gwynedd LL53 SDE — www-ar-sighted.co.uk. 
Objective Optics Peet r 


eTTatele TEM CS Losec LMSC aac a: i ; pe Offers are subject to availability and 


J M Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co.uk Ee aes 


and specifications are subject to 


Callers very welcome - by appointment only, call to arrange your visit. change without notice. 


4 The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 5NN 
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At 100,000 

light years 

across - that’s the 
distance between 
our home planet 
© and the Sun 
some 6 billion times over - the Milky 
Way is by no means a small structure. 
That is, until you compare it to our 
universe's galactic giants - the biggest 
known structure, elliptical IC 110], is 

6 million light years in diameter and 
dwarfs our home galaxy. 

Despite being so big and relatively 
easy to spot, the behemoths of our 
universe still continue to mystify 
scientists. How did they get so big? 
What formed first: the supermassive 
black holes at their centre or the 
galactic structure around them? This 
month, we meet the experts with 
some answers. 

The universe hosts many facets 
that leave us questioning how it works 
and, even once partially solved, lead 
to many more questions. No one 
knows this better than Brian Greene, 
who thinks that there are several 


Keep up to date 


www.spaceanswers.com 


’ Discover 


ody 


dimensions to the universe. This 
issue, we catch up with the physicist 
who reveals why our cosmos could 
be made up of a cosmic symphony of 
vibrating strings. 

Also this month, we uncover the 
research that has led astrophysicists 
on a search for the portals through 
Space-time known as wormholes; we 
chat to New Horizons’ John Spencer 
about what’s next for the spacecraft 
after its historic Pluto flyby; and we 


meet some record-breaking astronauts. 


Now that we have got official 
confirmation that NASA's Dawn 
spacecraft is going to remain at dwarf 
planet Ceres, rather than move onto 
a third target in the Solar System, 
we discover what the mission has 
revealed about dwarf planets so far. 

Our next issue goes on sale 15 
September - see you then! 
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Gemma Lavender 
Editor 
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the wonders of the universe 


Contributors 


Giles Sparrow 

How are the biggest galaxies in 
our universe made? Giles gets 
an exclusive, up-to-date look 
at what we know about these 
cosmic behemoths. Turn to 
page 18 to find out more. 
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Colin Stuart 

This issue, Colin goes ona 
hunt for wormholes, portals 
through space-time, and 
meets the scientists who think 
that they exist along the way, 





Jonny O'Callaghan 
After NASA decided to keep 
the Dawn spacecraft at Ceres, 
rather than send it to asteroid 
145 Adeona, Jonny looks at 

, what we've learned about 
dwarf planets from the mission so far. 





Kulvinder Singh Chadha 
With the world's largest radio 
telescope now complete, 
Kulvinder reveals how it will 
hunt for alien life and provide a 
new window to our universe. 


Facebook 
/AllAboutSpaceMagazine 









Eugene Cernan holds the record 
for the longest time on the Moon, 
alongside Harrison Schmitt 


“The Lunar 
Roving 
Vehicle drove 
on the Moon 
for four 
hours and 

26 minutes 
and took 

the largest 
Sample of the 
Moon to date” 


Record-breaking 
astronauts [page 28] 


Twitter 
@spaceanswers 
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@spaceanswe!rs 

POST ON FACEBOOK 

/AllAboutSpaceMagazine 
| SEND US 
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SpaceX puts the 

Dragon capsule 
under pressure, Juno 
atrives at Jupiter, plus 
we get a better view of 
Venus’ surface from the 
behaviour of its clouds 





FEATURES 


Su ergiant 


@ 
galaxies Brian Greene 
All About Space finds out The world-renowned physicist 
more about how these cosmic reveals why our universe is 
behemoths formed made up of cosmic strings 
¢ Hunt for 

Pluto orbiter wormholes 
and lander Discover how and why we're 
Now we've got a closer look, hunting for space-time portals 
scientists are keen to send a new ‘ 

mission to the icy world Life after Pluto 

New Horizons’ co-investigator 
@ 

Record-breaking John Spencer reveals NASA's 
astronauts new and exciting mission plans 
The out-of-this-world feats that Cc 

have taken place beyond the eres 

confines of our planet uncovered 


We reveal what we've learned so 
far from Dawn's mission to Ceres 


Enceladus FAST: World's 
Take a tour of a frozen moon, super telescope 


where salty geysers and views of This giant 520m dish will see 
Saturn are plentiful the universe as never before 


Record-breaking 
astronauts 





“There is a rumour that a new particle 
may have been discovered, which is 
750 times the mass of a proton” 


3 8 Brian Greene 
Theoretical physicist, author and professor at Columbia University 


Hunt for 











Your complete guide to the 
night sky 


What's in the sky? 


The must-see night sky sights 
through late summer 


This month's 
planets 

Mars and Saturn are still readily 
observable this month 


Moon tour 
Impact crater Eratosthenes is a 
splendid sight for lunar enthusiasts 


Naked eye & 
binocular targets 
See the treasures of Cygnus and 
Aquarius without a telescope 


How to... Get the 
best views of 
Neptune 

Turn your telescope to the ice 
giant this September 


Deep sky 
challenge 

Uncover a range of star clusters 
and galaxies with your telescope 


How to... Hunt 
for an asteroid 
Asteroid 2 Pallas is at its best for 
viewing in late August 


The Northern 
Hemisphere 
Enjoy a variety of night sky objects 


Me & My 
Telescope 


We feature your astroimages 


Astronomy 

kit reviews 

Must-have books, software, apps, 
telescopes and accessories 
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Space Reader Survey 





Take our three-minute survey and... 
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We hope that you enjoy All About Space 

as much as we love making it. As always, 
we're keen to make your favourite magazine 
an even more enjoyable read. So, this year, 
we're offering you the chance to be part of 
the All About Space panel by answering just 
a few easy questions. | can’t wait to hear 
your thoughts on the magazine! 
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takes 3 
mins! 


Take part in our 2016 reader survey and you 
can enjoy these fantastic benefits 


Exclusive discount subscription to the magazine 
Incredible savings for new and existing subscribers. 
Plus Free delivery direct to your door. 


Exclusive savings on mags and books 
Get a 10% discount code to use at our online shop 


Competitions 
The chance to enter 
exclusive competitions 
for money-can’t-buy 
prizes 


= 


Step 1 
Complete 
survey 





Free gifts 
Become eligible for 
free gifts including 
digital editions for 
phones and tablets 


Step 2 
Get 
involved 





Have your say 
A place on our reader 
panel, giving you 
regular input on 
the magazine 


Step 3 
Earn 


Keno] Ol) 


Complete our survey & join the team today 


spaceanswers.com/survey2016 
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Four changes 
you asked for 
in 2015... 


Last year we used your input 
to make some fantastic 
improvements, including... 


Bigger & better 
astronomy section 
Many of you are keen astronomers, 
SO we made a brand new guide for 
all of your stargazing needs. > 





“How to...” astronomy 
tutorials 
We wanted to take you to the 
next level in your hobby, So we’ve 
provided comprehensive guides. 


More in-depth reviews 

We test the latest astronomy 
kit, so you make the right choice 
when purchasing your telescopes 


and accessories. _) 





Your space wuestions ) 

answered — even better! 
We restyled our Q&A section by 
packing it with infographics to 
answer your questions with impact. 
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World's biggest 
rocket gets a_ 
booster test 


NASA‘s new type of rocket - the Space Launch 
System - gets its final motor test at the Orbital ATK 
Propulsion Systems test facilities in Utah, US. This 
rocket's booster is so powerful that it will provide 
75 per cent of the thrust required to escape our 
planet's gravitational pull, which will get us another 
step closer to NASA's journey to the Red Planet. 

In order to be tested sufficiently, the motor 

is tested at four degrees Celsius (40 degrees 

“7 Fahrenheit) and, when ignited, temperatures inside 
the booster can reach up to an incredibly hot 3,315 
degrees Celsius (6,000 degrees Fahrenheit). 
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This view of a massive cluster of galaxies reveals 
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a very cluttered-looking universe. Thanks to the — : r 
ability of NASA‘s Hubble Space Telescope to view " ae ° el 
the cosmos with impressive clarity, this photo of the ‘ 
Abell S1063 galaxy cluster shows the effect of space 
warping due to gravity in action. It's the huge mass of » is . A P ‘ 
the a that distorts and magnifies light from the , _ . 
galaxies that rest behind the cluster - an effect called : . » bad 3 
gravitational lensing, which enables objects that are | Ld x 
ordinarily too small and faint to be observed, to be = . 5 : 
Welt Infact, some of the galaxies in this field PTE , a, 
aration galaxies, looking back in time to a _ a © . z 
rs after the birth of the universe. ie F 6: - , e 
A 7 ? — 
- P ’ - 
a - - , - WWW.spaceanswers.com 
* - - = 3 
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pe for Juno! 


Inside mission control of the Space Flight Operations Facility 
at the Jet Propulsion Laboratory (JPL), California, this image 
captures the moment that NASA's Juno spacecraft successfully 
completed its engine burn and entered orbit around Jupiter. 
Juno will orbit the planet for 20 months to study its core, map 
,) the magnetic field and determine the amount of ammonia and 
“7g water in its thick atmosphere. From left to right: Juno's deputy 
principal investigator, Jack Connerney; associate director 
for flight projects and mission success, Chris Jones; NASA's 
Planetary Science Division director, Jim Green; Juno principal 
investigator, Scott Bolton; associate administrator for the 
Science Mission Directorate, Geoff Yoder; director of NASA’s 
JPL, Michael Watkins; and project manager, Rick Nybakken; 





















@ NASA; Aubrey Gemignani 
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under pressure 7 


The pressure vessels constructed by priva 
space company, SpaceX, undergo some 
structural testing. During the operation, | - 
engineers are able to investigate the Crew . 
Dragon's ability to withstand the harsh 
conditions of launch and spaceflight. The 
pressure vessel is where the astronauts 






Station and it makes up a good proportion 
CROAT Ceara cer vit) ie 
the ground testing is complete, the © 
BCR eR CR IUNeLilaKcte| 

with an outer shell, a heat 

shield and thrusters, in 

preparation for their 

journey into space. 
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Esti i its clouds 


By studying the weather patterns of the thick clouds above 
Venus, clues about the planet's surface may be uncovered 


Astronomers believe the dense layer 
of cloud that covers Venus may well 
hold the key to exploring the planet's 
topography in greater detail. Until 
now, the 20-kilometre (12.4-mile) 
thick cloud cover has frustrated 
observers, barring their view of the 
surface and allowing it to be seen only 
via radar or infrared light. 

But scientists have now discovered 
that weather patterns observed 
in the cloud layers appear to be 
directly influenced by the natural 
jo LAU CoO) MM BLM NN e- (ecm Bye lo 10 8] 
them. The discovery was made after 
experts began studying images of 
the cloud layers via ESA’s Venus 
Express satellite, which could offer 
a compelling and eye-opening 


insight into what lies beneath. 

The findings revolve around three 
aspects in particular: the speed at 
which the winds on Venus circulate, 
the amount of water that is locked 
within the clouds, and the brightness 
of the clouds across the spectrum, 
specifically in ultraviolet light. 

“Our results showed that all of 
these aspects - the winds, the water 
content, and the cloud composition 
- are somehow connected to 
the properties of Venus’ surface 
itself,” says Jean-Loup Bertaux of 
LATMOS (Laboratoire Atmospheres, 
Milieux, Observations Spatiales) 
near Versailles, France. “We used 
observations from the Venus Express 
satellite, spanning a period of six 


Dark matter particle 
still remains elusive 


Attempts to find what experts believe to be the 
signature of the mysterious material prove unsuccessful 


After 20 months of anticipation and 
hope, the Large Underground Xenon 
(LUX) dark matter experiment has 
failed to find any trace of the dark 
matter particle, even though the 
invisible material is thought to make 
up four-fifths of the universe's mass. 
The study threw up a blank, despite 
using an incredibly sensitive detector 
located 1.6 kilometres (one mile) 
underground in a former gold mine in 
South Dakota, US. It was thought that 
if dark matter particles had interacted 
with LUX that the detector would have 
detected it. It had been looking for 
weakly interacting particles (WIMPs), 
which are thought to be - in theory - 
the most likely candidates for a dark 
matter particle. Undeterred, scientists 
are set to push ahead in forming new 
experiments that may well present 
a breakthrough in the future. Even 
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though it has never been directly 
observed, they remain confident dark 
matter exists since the effects of its 
gravity are seen in the rotation of 
galaxies and in the way light is seen to 
bend as it travels through the universe. 

“The discovery of the nature of the 
elusive dark matter, which accounts 
for more than four-fifths of the mass 
of the universe, is internationally 
recognised as one of the highest 
priorities in science, and LUX is the 
world-leading experiment in the direct 
search of it,” says Dr Cham Ghag of the 
University College London. Scientists 
will continue to examine the data as 
they look to formulate their next move. 
Another experiment - LUX-ZEPLIN - is 
being built in South Dakota, US, in 
collaboration with 40 institutes from 
the US, UK and Russia, and is 70 times 
more sensitive than LUX. 


years from 2006 to 2012, which 
allowed us to study the planet’s 
longer-term weather patterns.” 

Bertaux, the lead scientist of the 
new Venus Express study, says there 
is an area of cloud close to Venus’ 
equator that is hoarding a greater 
amount of water vapour than in other 
parts of the atmosphere. Located 
above a mountain range - an area 
called Aphrodite Terra - it appears 
to be caused by water-rich air from 
the lower atmosphere being forced 
upwards, something scientists dubbed 
“the fountain of Aphrodite”. 

Clouds downstream of this 
“fountain” were seen to reflect less 
ultraviolet light and the winds above 
Aphrodite Terra were also 18 per 


cent slower. “When winds push their 
way slowly across the mountainous 
slopes on the surface they generate 
something known as gravity waves,” 
explains Bertaux, of an atmospheric 
phenomenon we also see in 
mountainous parts of Earth's surface 
(and which should not be confused 
with gravitational waves). 

“Crudely speaking, [gravity waves] 
form when air ripples over bumpy 
surfaces. The waves then propagate 
vertically upwards, growing larger 
and larger in amplitude until they 
break just below the cloud-top, similar 
to waves on a shoreline,” Bertaux 
continues. It shows that surface 
topography can significantly affect 
atmospheric circulation. 
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“The winds, water content, and 


Gusts passing over Venus’ mountain generate gravity waves, which 
propagate vertically upwards and slow the high-altitude winds in that spot 


composition of Venus’ clouds 


are somehow connected to the 
properties of Venus’ surface itself” 





Twitter helps confirm X-shape at Milky Way's core 


A collaboration sparked by social media has led to an important discovery 


When astronomer Dustin Lang of 
the University of Toronto's Dunlap 
Institute tweeted a photo from his 
collection of galaxy maps, he had no 
idea that it would lead to a potential 
breakthrough in astronomy. 

But when it caught the eye of 
Melissa Ness, a postdoctoral researcher 
at the Max Planck Institute for 
Astronomy in Heidelberg, Germany, 
it led to confirmation that the Milky 
Way’s central bulge of stars forms an 
X-shape. “The bulge is a key signature 
of formation of the Milky Way,” says 
Ness. “If we understand the bulge we 
will understand the key processes that 
have formed and shaped our galaxy." 

The structure is understood to have 
formed when the 'stellar bar' of dense 
stars orbiting the centre collapsed after 
becoming unstable. This had never 
been so clearly demonstrated than in 
Lang's image and Ness immediately 
saw the significance of it. She wrote to 
Lang and the pair met in person at a 
Michigan conference. They began to 
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work together on a study to look more 
closely at the phenomenon, before 
confirming that there is an X-shaped 
distribution of stars in the bulge. 

“We see the boxy shape, and the X 
within it, clearly in the WISE image, 
which demonstrates that internal 
formation processes have driven the 
bulge formation,” says Ness. “This also 


reinforces the idea that our galaxy has 
led a fairly quiet life, without major 
merging events since the bulge was 
formed, as this shape would have 
been disrupted if we had any major 
interactions with other galaxies." 
Further research is set to take place to 
analyse the dynamics and properties 
of the stars at this point. 


Astronomers 
confirm more than 


100 new planets 
Astronomers working with NASA's 
Kepler spacecraft on the K2 mission 
have confirmed an impressive 104 
planets outside of our Solar System. 
One of them is a planetary system 
of four potentially rocky planets, 
each of which are between 20 and 
50 per cent larger than Earth and 
are orbiting the K2-72 M dwarf star, 
which is located some 181 light 
years away. 


Air-con could make 
alien worlds habitable 


Researchers at Belgium's largest 
university, KU Leuven, believe 
that exoplanets with a freezing 
half and a very hot half - thanks 
to the presence of permanent day 
and night sides - could produce 
their own natural air-conditioning 
system in order to balance out the 
overall temperature of the exoplanet. 
In theory, this could make them 
potentially habitable worlds. 
















Meteorites 
may explain 
Mercury's surface 
Mercury has a very varied surface, 
which has long puzzled scientists 
and astronomers. Some even believe 
the older parts were formed deep 
inside the planet. But high sulphur 
meteorites, known as enstatite 
chrondrites, may be behind the 
features on Mercury's surface and 
go a long way to explaining the high 
sulphur concentrations that exist on 
the planet. 


Marvel characters 
to be included on 


mission patch 

Two of the most popular characters 
from Marvel's Guardians Of The 
Galaxy, Groot and Rocket Raccoon, 
are set to be included on the official 
mission patch for the Center for the 
Advancement of Science in Space, 
representing all payloads heading 
to the International Space Station's 
natural laboratory. It’s part of an 
ongoing effort to engage the public 
with science and space. 
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New Mars rover set 
for launch in 2020 


—— 


The final design and construction phase 
for the ‘Curiosity lookalike’ is underway 


NASA’s next Mars rover mission was 
announced in 2012 with a view to 
launching eight years later. And the good 
news? It's well and truly on track. The 
Space agency says an extensive review 
process is now complete and a major 
development milestone has now been 
passed, allowing it to move ahead with 
the final design and construction of the 
new Mars rover. 

As planned, it will be based upon the 
Curiosity rover but will have new science 
instruments that will allow for much 
greater exploration. It will also have a 
suite of cameras and microphones on 
board to pick up the sights and sounds 
of the surface. The mission, which will 
launch in 2020 and arrive on Mars 
in February 2021, will look to collect 
samples from the Red Planet, which 


Continent-sized 


asteroid ma 
have forme 
the Moon's 
Imbrium Basin 


It is thought the 
impactor may have 


been as much as 241 


kilometres across 


For a long time, astronomers have 
known that the Imbrium Basin - that 
1,207-kilometre (750-mile) wide dark 
patch on the Moon in the northwestern 
quadrant - was formed from the 
collision of an asteroid during the Late 
Heavy Bombardment. But the scale of 
the impacting body may have been 
much larger than first thought. 
Scientists at Brown University in 
Rhode Island, US, estimate that it may 
have been the size of a protoplanet 
measuring 241 kilometres (150 miles) 
across. If this is the case, then it not 
only puts it at around the length of 
New Jersey, but it also beats a previous 
estimate of just 80 kilometres (50 
miles). Indeed, the new size put forward 
by Pete Schultz, professor of Earth, 
environmental and planetary sciences 
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will eventually be returned to Earth for a) 


scientific analysis. It is also set to help 
NASA prepare for manned missions. By 
analysing a region of Mars where the 
environment may have been favourable 
for microbial life, NASA says evidence of 
past life will be sought. 

“The Mars 2020 rover is the first 
step in a potential multi-mission 
campaign to return carefully selected 
and sealed samples of Martian rocks 
and soil to Earth,” says Geoffrey Yoder, 
acting associate administrator of 
NASA's Science Mission Directorate in 
Washington, US. “This mission marks a 
significant milestone in NASA's Journey 
to Mars, which seeks to determine 
whether life has ever existed on Mars, 
and to advance our goal of sending 
humans to the Red Planet.” 


at Brown University says the new figure 
is two times the diameter and ten times 
the mass of previous estimates. 

“We show that Imbrium was likely 
formed by an absolutely enormous 
object, large enough to be classified as 
a protoplanet,” he says. “This is the first 
estimate for the Imbrium impactor’s size 
that is based largely on the geological 
features we see on the Moon.” The 
findings are based on the presence of 
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grooves around the basin, which were 
created by rocks as they blasted from the 
crater during its formation. 

But scientists have long been baffled 
by a second set of grooves, which 
have a different alignment outside of 
the features radiating from the basin's 
centre. But Schultz says these were 
likely formed by rock cut away from the 
asteroid as it hit the Moon, allowing him 
to make a fresh estimate of its size. 






















An artist's concept 

of the 2020 Mars 

a rover, which will 
re "i use many features 
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A view of the two exoplanets orbiting a 


red dwarf star some 40 light years away 


Hubble studies 
atmosphere of 
Earth-sized planets 


for the first time 


Exoplanets thought to be 
like Earth are the focus of a 
fresh search for atmospheres 


The search for the atmospheres of a 
pair of Earth-sized exoplanets over 
AO light years away has begun. Using 
NASA’s Hubble Space Telescope, they 
have been peering at TRAPPIST-1b 
and TRAPPIST-Ic, hoping for evidence 
suggesting habitability, and they 

have already found that the chances 
of these exoplanets having puffy, 
hydrogen-dominated atmospheres are 
low. 

“The lack of a smothering hydrogen 
and helium envelope increases the 
chances for habitability,” says Nikole 
Lewis of the Space Telescope Science 
Institute (STScI), Maryland. “If they 
had a hydrogen-helium envelope, they 
could not support life as the dense 
atmosphere acts like a greenhouse.” 

The exoplanets are being 
observed in near-infrared light using 
Hubble's Wide Field Camera 3, with 
spectroscopy decoding the light and 
atmosphere's chemical makeup. “This 
is an exciting time for NASA and 
exoplanet research,” says Geoff Yoder, 
acting associate administrator for 
NASA‘s Science Mission Directorate. 
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Our galaxy, the Milky Way, is big. With a diameter 
of 100,000 light years, this enormous disc of stars is 
on the large size for a spiral galaxy, and along with 
the similarly sized Andromeda Galaxy, it dominates 
our local group of galaxies - a region of space about 
10 million light years across. So imagine a galaxy 
extending to almost 20 times the diameter of the one 
we call home - so big that if it were to replace our 
Milky Way, it would not only engulf nearby satellite 
galaxies such as the Magellanic Clouds, but its outer 
limits would reach nearly all the way to Andromeda, 
about 2.5 million light years from Earth. 

That’s the staggering scale of IC 1101, an enormous 
ball of stars more than a billion light years away that 
is one of the largest measured galaxies in the known 


universe, and an extreme example of a supermassive 
‘cD’ galaxy - a class of objects very different from the 
Milky Way. cD galaxies are closely related to smaller 
elliptical galaxies - balls of old red and yellow stars 
that vary in size, from tiny dwarfs to giants with the 
diameter of the Milky Way, and differ in shape, from 
perfect spheres to elongated cigars. But they also 
differ in some other important ways. 

“cD galaxies have an extra-large extended and 
diffuse luminous envelope of stars,” explains Dr 
Alessia Longobardi of Germany's Max Planck 
Institute for Extraterrestrial Physics. “They are among 
the most luminous and massive galaxies in the 
universe - for example, recent studies on Messier 87 
(M87), the cD galaxy at the centre of the nearby Virgo 


"M87 has collided with a mid-sized 
galaxy within the past billion years and 
It is still in the process of absorbing its 
Stars and other material" 





A system. Here, a lenticular is absorbing a smaller spiral, 
triggering violent activity from its central black hole 
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A multi-wavelength image reveals detail in the Centaurus 





Messier 87 shows the typical yellowish hue that is 
caused by the dominance of older, low-mass stars in. 
elliptical galaxies 
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Cluster, attributes to this galaxy a total of ~10" solar 
masses. That's roughly 100 times more massive than 
our own galaxy, the Milky Way." 

The term ‘cD' comes from the Yerkes galaxy 
classification scheme used by many specialist 
extragalactic astronomers. The letters don't 
officially stand for anything, but astronomers have 
nevertheless come up with a variety of ‘backronyms' 
that work with the letters. Hence they are sometimes 
referred to as ‘cluster dominant’, ‘central dominant’, 
or ‘central diffuse’. As those names imply, cD galaxies 
have a very specific distribution in space that offers 
an important clue to their origins. While spirals, 
smaller ellipticals and irregular galaxies are scattered 
widely across space, cD galaxies are found only in 
massive, dense clusters - regions containing tens 
or even hundreds of substantial galaxies crammed 
into a volume of space a few million light years 
across. What's more, they tend to lie close to the 
very centre of these clusters. In such closely packed 
environments, collisions between galaxies are 
common, and it is this process that’s thought to give 
rise to monster galaxies. 

“The most popular scenario to describe the 
formation and evolution of galaxies is the hierarchical 
paradigm,” says Longobardi. “In these models, 
structures form in a bottom up, hierarchical manner 
by which smaller fragments that have been attracted 
gravitationally merge together to form more massive 
systems. A major merger occurs when the masses of 
the merging galaxies are comparable.” 

Longobardi continues: “It results in a remnant 
with properties significantly different from either 
progenitors. Such major mergers are thought to be 
responsible for the formation of ball-shaped galaxies 
from pre-existing disc-like [spiral] galaxies. Fast 
changes in the gravitational forces acting across 
the system can turn the ordered orbits seen in 
discs into the random motions observed in ball- 
shaped galaxies. And simulations show that the 
most massive systems, like cD galaxies, are going 
to experience mergers up to five times in their 
dynamical evolution history." 

But the direct effect on the orbits of stars is just 
one consequence of these intergalactic collisions. 
Just as important is their influence on a galaxy's 
nebulae - the interstellar gas clouds that provide the 
raw material for new star formation. Such clouds are 
plentiful in disc-shaped spiral galaxies, but are largely 
absent in all types of elliptical galaxy. Astronomers 
think they are driven off during major mergers - 
while stars, as relatively small objects, tend to pass by 
each other before being affected by gravity, collisions 
between the more diffuse nebulae will create 
enormous shock waves. 

In the short term, this massively boosts the rate of 
Star formation in an effect called a starburst, but in 
the longer term, the heating effect of the shock wave 
gives individual atoms and molecules the speed they 
need to escape from the gravitational attraction of 
the galaxy’'s stars and other matter. As a result, gas 
bleeds away into a halo region around the galaxy, 
where it is only loosely bound by the galaxy’s gravity 
and is too fast moving and sparse to create new stars. 
This is why elliptical galaxies tend to be dominated 
by comparatively faint, old red and yellow stars. The 
laws of stellar energy generation mean that heavier 
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How big galaxies are made 


rial galaxies and.other massive ellipticals om dsl eeldeeeRconacn@ Meneses 
on their way to becoming the monsters of the present-day universe 






















Merger 
c.12bn years ago 
The first galaxies to form were gas-rich < 
systems full of young, massive and 
short-lived stars. Collisions and mergers 
between these small galaxies were 
frequent, and large galaxies began to 
develop disc-like structures with spiral 
arms. When these in turn collided, the 
results were the first elliptical galaxies. 





) Starburst galaxy 
c.libn years ago 

Close encounters, collisions and mergers 
between galaxies: raised tidal. forces and 
created tremendous shock waves, both of 
‘ which accelerated the rate at which clouds of 
gas and dust condensed to form stars. The 
eNom WAR RUT Reclame) 
speed up energy production allowed these 
early stars to grow much more massive and 
luminous while remaining stable. 






















Big Bang 
13.82bn years ago 
The universe began in a vast 
explosion that gave rise to space, 
time and all matter. The Big Bang 
left behind large-scale differences 
in the distribution of both normal 
‘luminous’ matter and the far 
more plentiful invisible ‘dark’ 
matter. Dense patches of matter 
formed the nuclei around which 
the first stars and galaxies began 
to coalesce. 


Quasar 

c.10bn years ago 
Supermassive black holes in the 
centre of these galaxies began life 
as collapsing gas clouds. As they 
drew in more material, they swelled 
in size and developed into active 
galactic nuclei (AGN) - discs of 
Te) oyeya alec] Kce Maye ereMan rl ake) amare) 
generate intense radiation. Quasars, 
star-like points of brilliant light 
embedded in the cores of distant, 
young galaxies, are the best known 
among several types of AGN. 








W M Keck Observatory 
First light: 1990 
Notable achievements: First observatory 


to combine the light of two giant 
telescopes for sharper images 








Astronomers have used the Keek telescope 
to measure the motion of stars in the 
compact cores of giant ellipticals, helping 
to confirm the enormous mass of the black 
holes that lie at their very centres. 









Compact galaxy - 
c.8bn years ago 

As spirals and irregular galaxies continued to collide and 
merge, the gas within them grew hotter and sparser, 
eventually detaching itself from individual galaxies and 
spreading out into the surrounding cluster. Mergers in galaxy 
clusters began to produce galaxies that resembled spiral hubs, 
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~ | without the raw material to generate new generations of stars. 
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. ’ ’ stars shine brighter and hotter, but also burn through 
Hubble Space Telescope Nw their supplies of fuel much more quickly, ageing 
1990 ’ and dying while low-mass, cool stars keep steadily 
NASA/ESA 


ticking over. Within a few hundred million years of 
the original collision, all the galaxy's brighter stars 
will have reached the end of their lives - and with no 
ongoing star formation process, the more sedate red 
and yellow stars will become dominant. 

The closest cD galaxy to Earth is Messier 87 
(M87), which lies at the centre of the Virgo Cluster, 
the nearest dense galaxy cluster to our home planet 
at a distance of roughly 54 million light years away. 
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telescope in orbit 
Hubble's uniquely sharp vision has revealed 


unprecedented details in distant giant galaxies, helping y “ 
to trace their extensive haloes and the presence of , & ¥ 
globular clusters in orbit around them. ae 










‘a M87 is a ball of stars with roughly the same diameter 
oy as the Milky Way (120,000 light years across), and 
a Herschel Space Observatory is surrounded by a sparse stellar halo that extends 
- 2009 eta across about a million light years. Thanks to its 
ESA/NASA proximity, it’s the most closely studied of this class 
lf é ts: Infrared observatory of galaxy, and astronomers have discovered some 
my for observing the cool universe of the far infrared interesting features that are probably shared by most 
In 2014, Herschel showed that some giant other giant ellipticals. 
ellipticals do still contain cold star-forming gas, "M87 has one of the oldest stellar populations in 


FO eA ele the local universe and has an extended stellar halo 
influence of jets from the central black hole. that produces 70 per cent of the galaxy's total light,’ 
explains Longobardi. “The motion of its component 
galaxies suggests that the Virgo Cluster is still in 
the process of forming, and photometric studies 
have revealed a complex network of faint, extended 


Spitzer Space Telescope tidal features around M87, suggesting that it is not 
2003 completely in equilibrium.” One piece of evidence 
Natya) for M87's long history of past mergers is the huge 

Tee] eae a 


ae halo of globular star clusters that surrounds it. These 
mid-infrared telescope designed to work in 


collaboration with Hubble 


relatively small but densely packed balls of stars are 
thought to be the surviving fossils of brilliant ‘super 


eee eo Ley ot a coc eel st Ta star clusters’ formed during starburst events. While 
ellipticals forming when the universe was still young, our Milky Way has perhaps 200 such clusters in orbit 
showing how the seeds of today's cD galaxies weresown. .-"«: 


‘ around it, M87 has a staggering 12,000. 

e “Messier 87 is a prime target to test galaxy 
formation and evolution theories,” continues 

Longobardi. “Cosmological simulations suggest a 


5 i . ; Ae ee two-phase scenario for the formation of massive 
Ieee eeee LEYS : Giant elliptical galaxy spheroids like cD galaxies. The first phase happens 

; earlier in the history of the universe and leads to the 
As Ma SO matured, mergers between : The re tt present-day cD formation of a compact progenitor to the present-day 
galaxies continued within dense galaxy clusters, galaxies have stellar haloes that elliptical. Later on, the system sweeps up or ‘accretes' 
where local gravity could dominate over the are millions of light years across, ass 
general expansion of the universe dragging with thousands of globular oe ee pars through mergers, which Sanaa 
galaxies apart. With each fresh merger, the larger , clusters formed in earlier its size with time. These accreted stars preferentially 
elliptical galaxies grew heavier and more influential MEME Renae ele make up the stellar halo component, and dominate 
on their neighbours. Many developed extensive holes with a mass equivalent the outer regions of the galaxy.” 
outer haloes dominated by captured stars. to billions of Suns. ‘In the future M87 is a particularly good target not just because 

they will grow even larger. of its proximity to Earth (which makes it possible to 


see details of both inner and outer regions that would 
be lost over greater distances), but also because its 
location coincides with the Virgo Cluster's overall 
centre of mass. As a result, galaxies are more strongly 
drawn towards it by gravity, and the various types of 
merger and interaction are both more frequent and 
more dramatic. Because of this, Longobardi and her 
team were recently able to use a unique approach to 
find evidence of an accretion event in M87's fairly 
recent history. 

“According to the hierarchical framework, the outer 
regions of a galaxy contain an enormous wealth of 
information,” enthuses Longobardi. “The time needed 
to ‘re-mix’ accreted stars in this region [blending 
them into the indistinguishable mass of the galaxy's 
stars] is much longer, so they can preserve fossil 
records of past merger events in the form of long- 
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lasting substructures.” The challenge, however, is that 
individual regions within galaxy haloes are very hard 
to study thanks to their low brightness - after all, 
M87 might be nearby compared to other cD galaxies, 
but it's still tens of millions of light years away. The 
researchers overcame this challenge by looking for 
one very specific type of object called a planetary 
nebula (PN) - expanding bubbles of material flung off 
into space during the death throes of Sun-like stars. 

“When we observe PNs we are seeing the glowing 
Shells around ageing stars,” explains Longobardi. 
“These objects shine very brightly in a specific hue 
of aquamarine green, so they can be distinguished 
from the surrounding stars and easily detected out 
to the extreme extension of a galaxy.” And planetary 
nebulae can reveal more than just the distribution 
of stars in the galaxy’s outer halo. By studying 
individual nebulae with a spectrograph (which 
analyses the different frequencies of light they emit), 
it's possible to work out whether these objects are 
moving towards or away from us, and at what speed 
they are travelling. “Through studying these motions, 
[which are] peculiar with respect to the rest of the 
halo stars, I was able to identify the new accretion 
event. I also looked at the light distribution and I 
found evidence of extra light coming from the stars 
of a ‘swallowed' satellite galaxy.” 

The discovery suggests that despite its outwardly 
uniform appearance, M87 has collided with a mid- 
sized galaxy within the past billion years, and is 
still in the process of absorbing its stars and other 
material. “Thanks to the enormous gravitational tidal 
forces involved, stars are now scattered over a region 
that is 100-times larger than the original galaxy,” 
concludes Longobardi. “It shows directly that large, 
luminous structures in the universe, like M87, are still 
growing in a substantial way through the accretion 
of smaller systems, as predicted by hierarchical 
galaxy evolution models.” This discovery seems to 
be clinching proof that cD galaxies grow through 
a process of cosmic cannibalism, but it also raises 
intriguing questions about the fate of the absorbed 
galaxy's other components. The answer may lie in 
the central regions of the galaxy, thought to be home 
to black holes with unimaginable mass. 

The black hole at the heart of M87, for example, 
is the largest discovered so far, with an estimated 
mass of 6 billion Suns (for comparison, the Milky 
Way's central black hole contains a mere 4.3 million 
solar masses of material). In M87, the black hole 
is also the origin of a powerful jet of particles that 
shoots out across 5,000 light years of space. As tidal 
forces shred and heat up material falling towards the 
monster's gravitational maw, it forms a superheated 
‘accretion disc’. Powerful magnetic fields, meanwhile, 
allow some particles to escape in narrow beams 
from above and below the disc, creating an overall 
structure called an active galactic nucleus (AGN). 

Until now, M87's AGN has been something of a 
mystery - after an initial period of violent activity, 
most supermassive black holes seem to clear 
out objects from their immediate surroundings, 
becoming dormant and hard to detect. M87's activity 
is likely caused by new infalls of material, triggered 
during the recent galaxy merger, which have sparked 
the black hole back to life. Recent research by Dutch 
and US astronomers using the infrared Herschel 
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The Antennae Galaxies are a pair of colliding spirals 
undergoing an intense starburst. Eventually, this will 
pass and they will coalesce into an elliptical ball 


The Flight Operations 
Bieler law. 
Goddard Space Flight 
Center, Maryland, 
monitor Hubble 24/7 
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Giant elliptical galaxies form the gravitational anchors 
around which cluster galaxies move - as in the Virgo 
Cluster around Messier 87 





“In such closely packed environments, 


collisions between galaxies are 
common and it is this process that’s © 
thought to give rise to monster galaxies” 


Space Observatory, meanwhile, has shown that AGNs 
may have another important effect - by heating up 
cold gas in their surroundings (such as that injected 
into a largely gas-free cD galaxy during a merger), 
they make it harder for new stars to coalesce, 
ensuring that, from a star formation point of view, the 
galaxy remains as dead as it was before the merger. 
But there's one final question - assuming the 
enormous mass of M87's black hole is typical for 
all cD galaxies, how do these objects get so big? 
The answer lies in a chain of events as spectacular 
as these giant galaxies themselves. Evidence now 
suggests that all substantial galaxies contain black 
holes at their hearts, and during a galactic merger 
these core regions (not just the black holes, but also 
the densely packed stars around them) will tend to 


sink towards the system's centre of mass, eventually 
falling into orbit around each other. The result can be 
a galaxy with two distinct and bright nuclei, but this 
may not be sustainable in the long term - if some 
mechanism exists to reduce the momentum of the 
two black holes, then their separation will steadily 
reduce and they will spiral in towards each other on 
a collision course. 

Eventually, the black holes will collide and 
merge into a single super-dense object, whose 
enhanced gravity may draw in more material from 
its surroundings, allowing it to grow ever stronger 
and more massive. Therefore, over several repeated 
mergers, the biggest galaxies in the universe develop 
even more monstrous black holes at their hearts, and 
so the cycle continues. 
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Different Sy of galaxy 


In Ho Wey astronomer Edwin Hubble came up with his influential 
‘tuning-fork’ diagram of galaxy types. With some modifications; it’s 
still the most. commonly used scheme of galaxy classification 


. Elliptical 
Lenticular 
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» between ellipticals and spirals - they 
have a ball-like central hub and a 
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shape, but are all made up of countless stars 
in overlapping, elliptical orbits that ed 


Varied shape 
Ellipticals are 
classified according to 
their elongation, with 


Overlapping orbits 
Stars flung into chaotic 
orbits through the merging 
of galaxies remain in these 











to form a ball-like structure. orbits because there is little EO galaxies perfectly surrounding flattened disc of gas, dust 
or no gas to pull them back spherical, and E7 ones and older stars, but little star formation. 
into a disc-like structure. highly elongated. 








Starless disc 

The distinguishing feature — 
of lenticulars is a disc of 
gas and dust that is largely 


ry Rebuilding a spiral 
Some theories suggest that 
lenticulars form when an 
elliptical galaxy draws in gas 


Len@gular 








” ik=\-Ke) Me) e) eta a (ela p from its surroundings, prior to 
recommencing star formation. 
wo 
C& 
Barred spirals od 2 Normal spirals 
In many spirals, including the Milky Way, a Spiral galaxies have a ball-shaped central 
the roots of the spiral arms are linked by a % hub of old stars, usually surrounded by a 





straight-bar of stars crossing the central hub. 





flattened-out disc of star-forming material. 
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Star birth in this disc gives rise to spiral arms. 








-!> Spiral arms 

Arms are not solid 
structures - instead, ° 
they mark moving 
regions of recent star 

SyIM UO MI AT=1KoM Mae MO) et edniKsics 
SBb sstars concentrate. 
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. : The hub of a spiral 
“Ke 2 i galaxy resembles a 
aad , small elliptical, and 

tends to be dominated 


| 2 by older red and yellow Ss Spiral arms 
. Ta) dr] oye stars in tilted orbits. Spirals are classified according 
Bars are-thought to be “ane to the tightness of their spiral 
temporary structures arms - a feature that is probably 


influenced by the gravity of 
=r] de ASE ETI oe 
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Most of the largest structures are elliptical in 
form, but there are some notable exceptions 7 


Milky Way © —— ®@ ‘aS ee ; 
- Size of galaxy: 
100,000 light years 
mA e CIE ae 
. Barred spiral | : . 


> -—~@ NGC5128 


Distance: 12mn light years 


Cl ee roto h Size of galaxy: 260,000 light years 
ele Type of galaxy: Elliptical/lenticular 
SPA eee AMUN Le 1k) This nearby active galaxy, also known as 
Type of galaxy: Elliptical Centaurus A, is anearby example of a 
One of two supergiant elliptical galaxies . merger in action and a galaxy on its way to 
that anchor the Coma Cluster, NGC 4889 is becoming a giant elliptical. Seen in visible 
home to a central black hole that contains light, the dust from a foreground spiral forms 
a staggering 21bn solar masses of material. a dark lane across the larger lenticular galaxy. 
Pe 








Se Bans ) Messier 87 
ak . ere Distance: 54mn light years 


Size of galaxy: Imn light years 
Type of galaxy: Elliptical 

The closest giant-elliptical has a 
monster black hole at its heart and 
an active galactic nucleus thanks 
to a recent merger. However, its 


' extended outer halo of stars seems, . 


_ to have been truncated by the ° 


pee. 
~) NGC 6872 


Distance: 212mn light years 


*.* : : 
®@ UGC ae | 
Distance: 25Omn light years 
“ Size of galaxy: 718,000 light years 


influence of other nearby galaxies. 


Type of galaxy: Spiral 

Astronomers recently discovered 
UCM eM eet Da a = 
constellation of Cetus. Originally 
assumed to be an ancient elliptical, 
ultraviolet and radio images revealed 
the presence of tenuous spiral arms 
and huge gas clouds, probably 
cannibalised from other galaxies. 


cet 1 cok Pye 


Distance: 237mn light years 

Size of galaxy: 260,000 light years 
Type of galaxy: Elliptical 

The central cD galaxy of the Perseus 
Cluster, NGC 1275 has an active 
galactic nucleus and is also known 
as the radio source Perseus A. Seen 


from Earth, another dusty galaxy lies ° 


directly in front of it, falling towards 
the cD galaxy on a collision course. 


ms em1(0)| 


Distance: 1.04bn light years 

Size of galaxy: 4mn light years 

Type of galaxy: Elliptical or lenticular 
IC 1101 is often described as the 
largest known galaxy in the universe. 
Its extended outer halo of stars 
suggests it is a cD galaxy, but some 
astronomers suspect the halo is 
actually a face-on disc, making ita 
lenticular instead. 


®@ NGC 1399 


Distance: 62mn light years 

Size of galaxy: c.200,000 light la 
Type of galaxy: Elliptical 

Like Messier 87, NGC 1399, the central 
EP AAe MMM A=) ae sey ae Kel 


is Surrounded by.a large number of — * 


globular clusters (around 6,000), 
revealing a long and ancient history of 
galactic mergers and starbursts. 


Size of galaxy: 520,000 light years 

Type of galaxy: Barred spiral 

This large barred spiral is one of the 

biggest spiral galaxies known thanks to 

its elongated-arms. They have probably 
unwound into their present shape under the 
influence of tidal forces from a much smaller 
nearby lenticular galaxy, known as IC 4970. 
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TELESCOPE CONFIGURATOR 


Six steps to your 
dream telescope! 


The Omegon Advanced series offers powerful telescopes at 
attractive prices. The instruments are aimed at both beginners 
and more advanced amateur astronomers. 





What is special: The telescope configurator lets you put together 
the telescope you want in just six steps. Choose from among 10 
different telescopes, Finders, Focusers, eyepieces and more. 
You will then have exactly the right telescope for you! 





ill! 


designed by 
oo omegon 








ode Leldele . | | velesuber 


- ‘ ‘ . é ‘ , « 
eT 


Ey Focuser —a © Finderscope —- @ Eyepieces — © Further accessories 


Your dream telescope is ready! 





% Go to configurator.astroshop.co.uk and start putting together your dream telescope! 





Astroshop.co.uk is a section of nimax GmbH. You will find more information about our company at www.nimax.de. Prices are subject to change and errors are excepted. 


¥ PRICE ADVANTAGE -— In the configurator the ¥ SIMPLE TO ASSEMBLE — With assembly comparable v SATISFACTION GUARANTEE — Even self-configured 
components are available at prices which are fo other complete sets, putting together your felescopes can be returned fo us within the standard 
considerably more attractive than when purchasing felescope Is quick and easy. revocation period. The full purchasing price will then 
individually. be refunded! 
© Address | &. Phone = Mail DP 


Otto-Lilienthal-Strafge 9 - 86899 Landsberg - Germany 





Future Tech Pluto orbiter and lander 


Timeline 


Cd 
Princeton hope to 
have a demonstration 
reactor running in the 
2020s and the first 
DFD-powered robots 


in space in the 2030s. 


21s emis eae 


US aerospace consultancy, Princeton Satellite 
Systems, is working with NASA on an engine 
that could open up the Solar System 

















J Pluto 
39-times further from 
the Sun than Earth, our 
understanding of Pluto 
was revolutionised 

by the New Horizons 
flyby in 2015. 


ze Pluto's eared oh 
=" > eee i ne 
we expected, 

DFD would provide ae 

fete) yin RCS EM ae 

surface lander to Pluto. 





as 
eS 
pre 


- ) Magnetic nozzles 
The temperature of 
the exhaust will be so 
great that it will have 
to be confined and 
directed by magnetic 
fields, as no material 
could withstand it. 


High gain communication 
Having more power available 
makes it possible to transmit 

more data more quickly, though 
LAWL aL 1 Coei dare] eel ele ale! 

five hours to reach Earth. 






0) se)ic- mn 

New Horizons was 

a flyby mission, but 
the Princeton Pluto 
mission would be able 
to place a satellite into 
Plutonian orbit for 
long-term observation. 


) Power generation 
As well as providing 
thrust, DFD would also 
be a power-producing 


tat = i | reactor, generating up 
[ of | y oA WA ee ay 
: > L Horizons’ 200W. 
¥ 


Direct Fusion Drive "> 
Combining deuterium and 
helium-3 in nuclear fusion, 

the DFD will produce more 
efficient and longer lasting A p 
thrust than chemical rockets. | / 


~_ “Because a fusion engine 
~~ gets so much hotter than a 
conventional rocket, it could 


roduce more thrust.from 
ess fuel and for much longer” 
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Pluto orbiter and lander 





We are used to the idea of hopping between planets 
or even star systems in fiction, but the real distances, 
even within our own Solar System, are difficult to 
comprehend. If we are to truly explore and settle 

in space we need a new form of propulsion, and 

a New Jersey-based company, Princeton Satellite 
Systems, has just received a NASA contract to work 
on the design of one: the Direct Fusion Drive (DFD). 
New Horizons was one of the fastest spacecraft ever 
launched, yet it took over nine years to reach Pluto. 
It pushed the limits of our capability and delivered 
its extraordinary data from a 400-kilogram (880- 
pound) craft with just 200 watts of power - that’s 
lighter than a grand piano and using less energy than 
a couple of light bulbs. This is because there is only 
so much energy available in chemical fuels, so space 
missions typically have a short sharp rocket burn 

at the start and then months or years of coasting as 
they have to go the slowest and most efficient route. 

But the DFD would work on a nuclear reaction 
called fusion. This is not like nuclear fission, which 
is used in current power stations and occurs where 
energy is released by splitting heavy atoms like 
uranium. In fusion, energy is released by combining 
light atoms, and in DFD's case those light atoms 
would be deuterium and helium-3; this method is 
how stars shine and produces much more energy 
without creating any nuclear waste, but it is difficult. 
Fusion is being extensively studied for producing 
clean energy on Earth, but progress has been slow. 

Princeton's engine is based on an innovative 
concept from the Princeton Plasma Physics 
Laboratory called the Field Reversed Configuration 
(FRC). In this reactor the fusion fuel is trapped in 
a cylinder of magnets and heated up to millions of 
degrees Celsius by radio waves beamed into the 
chamber, similar to a microwave oven. The challenge 
for all fusion projects is in containing plasma at these 
tremendous temperatures, so the FRC reactor uses 
a special arrangement of rotating magnetic fields to 
create a self-contained rolling ‘smoke ring’ of plasma 
in the chamber. It is in this region that fusion would 
occur, and the FRC's developers believe it could at 
last give us practical fusion power. 

Used in space as the basis for the DFD, the gases 
undergoing fusion would heat up extra gas passed 
through the reactor. Then the whole lot would be 
allowed to escape out of a nozzle formed of magnetic 
fields to produce thrust. Rocket thrust strongly 
depends on how hot the working fluid gets and how 
fast it escapes the nozzle. As fusion engines get much 
hotter than conventional rockets, it could produce 
more thrust from less fuel and for much longer. 

Princeton's NASA project will develop enhanced 
models of how DF'D would work, and apply this data 
to the design of a fusion-enabled Pluto mission. Initial 
studies suggest a 1,000-kilogram (2,204-pound) 
craft, featuring an orbiting satellite and a surface 
lander, could be delivered to Pluto in just four years. 
Another benefit of the DFD is that it could function 
as a power-generating reactor even when it is not 
producing thrust; the prospective Princeton Pluto 
mission could have 2 million watts of power at its 
disposal. It will be quite some time before a fusion 
drive is powering our exploration of the Solar System, 
but with this project, NASA is laying the foundations 
of a transformation in propulsion. 
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Record-breaking astronauts 


























7 3 LONGEST OCCUPATION IN SPACE 
; Valeri Polyakov 
Russian cosmonaut Valeri Polyakov year. In fact, of the top ten longest 
was no stranger to a lengthy stay in flights, only two astronauts are not 
space. As a 46-year-old, he was on Russian, with the longest American 
board Soyuz TM-6 on 29 August 1988 occupier in space being Scott Kelly 
as it made its way to the Soviet Space who spent 340.4 days on the ISS 
Station Mir, where he spent 240 days between 27 March 2015 and 1 March 
| before returning on 27 April 1989. But 2016. Even then, he was accompanied 
=~) | — f, | it was his second journey that proved on his year away from Earth by 
Yuri Gagarin became a | so notable. Launching on Soyuz TM-18 Russian Mikhail Korniyenko. 
national hero when he A 3 on 8 January 1994, Polyakov was While Polyakov was on Mir, he was 
returned to the USSR , . ) stationed on Mir for an incredible 437 kept busy with numerous experiments 
following his time in space -. 4 Mt days and 18 hours, only getting back and scientific research and he orbited 
te - 5 : to Earth on 22 March 1995. It is the the Earth 7,000 times. When he 
longest occupation in space by just returned, he insisted on standing up 
over 58 days. and walking when he left the Soyuz 
Space exploration was one of the day. And while there had been But then the Russians appeal to capsule, his aim being to show that 
many fronts of the Cold War between provisions for a ten-day stay for be good at long stays. Sergei Avdeyev humans would be capable of working 
the US and the USSR. The Russians if an engine had failed, they were a eee for 379.6 days, while both ea Mars after a long journey. He also 
surprised America on 4 October 1957 thankfully not needed. Vladimir Titov and Musa Manarov Said he could have gone on for another 
by not only being the first to launch The round-trip meant the dream embarked on a mission of exactly one year if he had to. 
an artificial satellite, but the first to put had become a reality and Gagarin was_ | 
a man-made object into orbit around awarded the title of Hero of the _. = — = Valeri Polyakov looks out of the window of the 
Earth. It sparked a race to the Moon Soviet Union by its leader, EF . Ss 7 Mir space station as it completes a rendezvous 
and to send a human far beyond our Nikita Khrushchev. The 4~ Bia: SS Tce Assia eel Reha a Be (0 
planet's atmosphere. And it also led to cosmonaut's launch j = Ye 
the formation of NASA in 1958. phrase ‘Poyekhali’ 
But it was the Russians who made (Russian for ‘Let's /, > 
history again three years later. Soviet go’) sparked the _—[/ Rik DLL 
cosmonaut Yuri Gagarin became beginning of the [IIe cant uit ee 
the first person to journey into outer Space Age and cian ami) om hoard 
space, setting off from Baikonur justthree weeks (HR 0) 0 0 
Cosmodrome on 12 April 1961 on later on 5 May 
board the Vostok craft, completing 1961, America was 
an orbit in one hour and 48 minutes. able to launch its 
He reached a height of 327 kilometres first astronaut - Alan 
(203 miles) before landing the same Shepard - into space. ~ 














BIGGEST SPACE GATHERING | 
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Koichi Wakata 






Gennady Padalka 





STS-127 













Christopher Cassidy 




































































: Mark Polansky — Julie Payette. David Wolf - Timothy Kopra | 


As STS-127 docked with the ISS more a record-breaker for the largest crowd because the Space Shuttle had six US ISS's entrance as they floated in, with 


than 354 kilometres (220 miles) above to ever gather in orbit. astronauts on board - Mark Polansky, Michael Barratt from the US, Japanese 
the Australian coast in July 2009, it The craft had seven astronauts on Douglas Hurley, Christopher Cassidy, Koichi Wakata, Frank De Winne from 
led to the most extraordinary of meet- board while the ISS had six. So when Thomas Marshburn, David Wolf and Belgium, Russian Roman Romanenko 
ups. What should have been a routine the 13 people met, they were able Timothy Kopra - as well Canadian and Canada's Robert Thirsk. 

mission to deliver and install the last to smash the previous record of ten. Julie Payette. But the ISS had Russian While there have been other 

two components for the Japanese But as well as being large in number, commander Gennady Padalka on groups of 13 on board since, there 
Experiment Module actually became the group was also diverse. That's board, who greeted the seven at the have never been more. 
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’ Longest % ‘N 
solo flight 


This record is held by Russian 
cosmonaut Valery Bykovsky, who 
spent 118 hours, 56 minutes and 41 
seconds alone on board Vostok5 _ 
, in June 1963. In that time, the Lh 
Ss craft completed 81 orbits ; 
. of Earth. 


A series of Rete ete 7 


1970 


1965 


I Mom) Bye l 
Cosmonaut Alexey 


America’s debut 
spacewalk 


1975 


ie) =) 83-11 0) 8) 
After the Skylab space 
SelM ace ene) nat 


First untethered | 


spacewalk 


Spacewalking 
aCe 


Total number 
of spacewalks 


Moon 
eee WE] es 


Spacewalks 
outside the ISS 


Countries to fly spacewalkers 


Total number 
of spacewalkers 


1980 1985 


First woman to 
perform EVA 


US spacewalkers, 
Mae) K=m Mare] O =] ON, 
oliat=lmeele ali aY, 


’ First ever ISS 


spacewalk 


Leonov stepped outside. - 
Voskhod-2 for a 12-minute 
EVA but his bloated 
spacesuit stopped him 
re-entering the capsule 
until he dangerously 
reduced the pressure. 


Astronauts Jerry Ross 
and James Newman 
connected computer and 
electrical cables during 
eR) Yet TL lLe 
oem aar=M lale-laerelaco)are) 
Space Station. 


NASA astronaut Bruce 
Nol Talo (a Tol = 

MIMO AL Colta oleate 
iR=\oM alfa wal 
jetpack-like Manned 
Manoeuvring Unit, also 
known as the MMU. 


Ed White became 
the first American to 
conduct a spacewalk. 
He pushed himself out 
of the capsule using a 
“ hand-held manoeuvring 
“oxygen-jet gun. 


SLUT st VL 
became the first woman 
to perform.an extra- 
vehicular activity (EVA) 
during the Soyuz T-12- 

_ mission to the Soviet 
space station Salyut 7. 


oF Taare ysxeme lela ayaa 
unmanned launch on 

14 May 1973, the first of 
three repair crews were 
sent up to space in order . 
to fix it. 


TALLEST PERSON TO GO TO SPACE 


Jim Wetherbee 


When NASA was first seeking 
astronauts, it had a height cap of 
1.80 metres (71 inches) due to the 
limited amount of cabin space that 
was available in the Mercury space 
capsule. But the requirements were 
soon relaxed, which was good news 
for Jim Wetherbee: at 1.93 metres (76 
inches) in height, he became the tallest 
astronaut to ever fly in space. 
Wetherbee was selected to be an 
astronaut in 1984 and he piloted his 
first mission, STS-32, in 1990. He 
went on to become a veteran of six 
Space Shuttle missions, five of which 
he ended up commanding, which 
is a record for an American. One of 
the missions, STS-63, was the first 
joint flight of the Russian-American 
Space Programme, where he spent 


30 


66 days, ten hours and 23 minutes in 
space. When his flight days were over, 
Wetherbee's career hit new heights. 
He was appointed as deputy director 
of the Johnson Space Center in 1995, 
before becoming director of the Flight 
Crew Operations Directorate in 2000 
and technical assistant to the director 
of JSC’'s Safety and Mission Assurance 


Directorate in 2003. He retired in 2014. 


But what if you want to be an 
astronaut today? Well, to pass NASA's 
long-duration flight physical, a non- 
piloting astronaut needs vision 
correctable to 20/20, blood pressure 
below 140/90 in a sitting position 
and to be between 1.49 and 1.93 
metres (58.5 and 76 inches) tall. Pilots, 
meanwhile, have to be between 1.57 
and 1.91 metres (62 and 75 inches). 


ws 
| Tallest | 


Jim 
Wetherbee 
Height: 
1.93m (76in) 
Mission(s): 


51S-32, STS-52, 
STS-63, STS-86, 


STS-102, STS-11 


Richard Hieb § Scott 


Height: 

1.91m (75in) 
Mission(s): 
STS-39, STS-49, 
STS-65 


Parazynski 
Height: 

1.88m (74in) 
Mission(s): 
STS-66, STS-86, 
STS-95, STS- 

3 100, STS-120 


www. 


~ Tallest astronaut: 
1.93m (76in) 


Early NASA height 
limit: 1.80m (71in) 


Shortest ) 


hd 


Jon McBride || Nancy 
Height: 

1.88m (74 in) 
Mission(s): 
STS-5, STS-6, 
STS-7, STS-41-G 


Currie-Gregg 
Height: 

152cm (60in) 
Mission(s): 
STS-57, STS-70, 
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MOST mentite 


Anatoly Solovyev 


It will surely take a long time before 
someone manages to break the 
record for the most spacewalks set by 
Russian cosmonaut Anatoly Solovyev. 
By the time he retired in 1999 - nine 
years after embarking on his first 
spacewalk - the former fighter pilot 
had a staggering 16 extra-vehicular 
activities (EVAs) under his belt. 
Solovyev's first trip saw him spend 
seven hours and 16 minutes repairing 
thermal protection gear, and he went 
on to rack up a mighty 82 hours and 
22 minutes worth of spacewalks. 

To put Solovyev's achievement 
into context, NASA astronaut Michael 


Lopez-Alegria, who takes second 
place, carried out ‘just’ ten spacewalks 
during his career, totalling 67 hours 
and 40 minutes. 

Solovyez's record was set during 
five missions on board the Mir space 
station and he could, if he had so 
wished, have embarked on a journey 
to the ISS, but he declined. It didn't 
stop him from being name-checked 
in the 2013 blockbuster Hollywood 
movie Gravity, though. His impressive 
contribution to space also earned him 
many honours including Hero of the 
Soviet Union, an Order for Merit to the 
Fatherland and an Order of Lenin. 





Record-breaking astronauts 
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/ Hazard 
&> Solution 


Spacewalk safety 


A During a spacewalk, there can be huge temperature fluctuations of close to 
/ = \. 260 degrees Celsius (500 degrees Fahrenheit). 
4\_ Water-circulating tubing is placed within the spacesuit beneath layers of 


‘2 Mylar, which reflects sunlight. The suits also have cooling fans. 


/\ The Sun's glare is a major danger for astronauts due to the lack of a 
/ = \ protective atmosphere in space. 

4\. The body is covered by the suit and the helmet'’s visor is coated with a thin 
SB layer of gold to filter out the Sun's harmful rays. 


I Making a mistake while performing a task because it hasn't been 
{= \ encountered before could cause a mission to fail. 

AX. The Neutral Buoyancy Laboratory near NASA's Johnson Space Center has a 
a pool with 6.2mn gallons of water: perfect for learning floating techniques. 


A In the vacuum of space and the weightless environment, there is a lack of 
£e\ friction, which can result in an uncontrollable spin. 
& A propulsive backpack called SAFER (Simplified Aid for EVA Rescue) has 


& never been needed but it would push an astronaut back to base. 


‘The low pressure of space can cause nitrogen bubbles to form in an 
/TN ; 
{= \, astronaut's blood, which leads to the ‘bends’. 

(\. After the cabin pressure is reduced, astronauts breathe pure oxygen within 


‘Z) their suits for a few hours, which removes all nitrogen in their body. 


2005 2010 


Clyro + Be mech PAN) 
ee PO enr ig First Hubble repair © Longest ISS __ First Canadian - Preparing for ATV ieee gee AA 
ek es ela Two devices were fitted § spacewalk ax) By (ere) 114 Astronaut Leroy 7 When astronaut Tim 
This unscheduled EVA _ on the Hubble Space -STS-102 crew members Chris Hadfield installed Chiao and cosmonaut -. Peakestepped outside 


the ISS’ Quest airlock, he 
became the first official 
British astronaut to carry 
out a spacewalk. 


Salizhan Sharipov 
installed navigational 
communications in 
preparation for. the first 
Automated Transfer « 


ee aa KCUAYD) , a , _ 


“Youngest \ \ 


Telescope to fix its 
vision problems over 
five consecutive days of 
Sere We) Cm CRTs 
Mem eN LUN ee ie 
fix on11 May 2009. 


_ the UHF antenna on the 
outside of the Destiny 
- ‘module on board the 
-ISS and became the first ~ 
Canadian astronaut to 
conduct a spacewalk. | 


LOT] aM mel encws ale Wren es 
Voss conducted a 
spacewalk that lasted 
eight hours and 56 
minutes. It is the longest 
EVA to date. 


involved three astronauts 
for the first time in order 
to help move the 4.5- 
ton Intelsat VI satellite 
into Space Shuttle 
Endeavour's cargo bay. 


Morn d seb rb rl Cen 














John Glenn 


As John Glenn travelled skywards on 
board the Space Shuttle Discovery on 
29 October 1998, he made history and 
became the oldest person to go into 
space at 77 years of old. Over nine 
days, the shuttle orbited the Earth 

134 times as part of mission STS-95. 
Glenn was a payload specialist and 

he was put through his paces in a 
series of science experiments to test 
how the lack of gravity and weightless 
environment would affect his body. 

It was something he had wanted to 
do for more than two years. Glenn was 
among NASA's first astronauts, having 
been selected in 1959, and he was the 
first American to orbit the Earth when 
he flew the Friendship 7 mission in 
1962. But in the late 1990s, he was 
still a sitting senator and he had been 


www.spaceanswers.com 


lobbying NASA to allow him to fly so 
that scientists could conduct space- 
based geriatric studies on him. 

Scientists used special sensors 
to record his brain waves and the 
movement of his eyes and chin over 
the course of four nights of the nine- 
day mission. They measured the 
amount of oxygen in Glenn's blood 
and recorded his movements day 
and night. His core body temperature 
was also measured and his levels of 
cognitive function, fatigue, alertness 
and mood were tested. 

Importantly, the researchers were 
able to compare the new data they 
had collected with the information 
gathered from Glenn's previous visit 
to space, making his trip a particularly 
valuable one. 


astronaut — 
in space 


Russian cosmonaut Gherman Titov was 
aged 25 years and 11 months when he 
went to space aboard Vostok2on6 

\, August 1961. He was the first to orbit hf 

i \ the Earth multiple times- and “£4 


7) > the first to vornit Ade 


in space! 


> 


John Glenn was 


a years old when 
ae was sent ona 
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LONGEST TIME IN LUNAR ORBIT 


Ronald Evans 


While Ronald Evans was within the Ronald Evans carries 
command module waiting for Apollo 17 out a spacewalk to 

to launch, he promptly fell asleep, much retrieve film cassettes 
to the amusement of the crew. But there lhe ateg Nace) lon Uf 


was plenty of time to be alert: the Apollo 
17 mission lasted for 12 days, 13 hours, 51 
minutes and 59 seconds and, of the crew 
who journeyed skyward on that dark 
December night in 1972, it was command 
module pilot Evans who ended up 
breaking the record for the longest time in 
lunar orbit. 

The mission marked Evans’ first time 
in space but, as it turned out, he would 
become the last person to orbit the 
Moon alone. He stayed in lunar orbit 
for six days and four hours, observing 
geological features and snapping pictures = 


on board the command module, America. e . = 

Meanwhile, fellow crew members Eugene : First Sg 

Cernan and Harrison Schmitt landed and @ 
animal 
© © 
in orbit 


worked on the Moon. 
Soviet space dog Laika was launched 


On his return flight to Earth, Evans 
completed a spacewalk of an hour and 

into space on Sputnik 2 in 1957. Sadly, 
the former stray, who was found on 


Six minutes, exclaiming “hot diggety dog” 
the streets of Moscow, died within 


as he took those first steps. During this 
time, his heart rate almost doubled to 140 
\ hours of the flight after becoming hj 
Ms. overheated, although Russia “4 


beats per minute but he was able to take 
completed camera film from the outside of 

the spacecraft and examine the equipment 

bay area. He left the astronaut programme did not admit this until <@ 
five years later in 1977. He died in his sleep = 2002. Ag 

of a heart attack in 1990, at the age of 56. ne 
















LONGEST TIME ON THE LUNAR SURFACE 


Eugene Cernan and 
Harrison Schmitt 


Eugene Cernan and Harrison Schmitt 


Eugene Cernan drives the Lunar Roving Vehicle across 
the Moon's surface at the Taurus-Littrow landing site 


The crew landed at Taurus-Littrow, 


of the Apollo 17 mission were the last 
men to walk on the Moon but they 
sure made the most of their time up 
there. Having landed on 11 December 
1972 following the first US manned 
launch in darkness, the pair spent 74 
hours, 59 minutes and 40 seconds on 
the lunar surface using their time to 
complete three moonwalks, conduct 
scientific experiments and take a 
number of lunar samples. 

What's more, in the process, Schmitt 
had become the first professional 
geologist to make a trip to the Earth's 
natural satellite. It was also the most 
trouble-free of all the piloted missions. 


which increased their chance of 
acquiring highlands material and also 
allowed them better use of the Lunar 
Roving Vehicle (LRV). They stepped 
foot on the Moon just four hours 
later and their three EVAs ended up 
totalling 22 hours, three minutes and 
57 seconds - the longest total number 
of moonwalks ever recorded. 
Meanwhile, the LRV ended up 
driving for four hours and 26 minutes. 
Of particular note is the fact that 
Cernan and Schmitt took the largest 
lunar sample to date - a whopping 108 
kilograms (238 pounds) - making it a 
record-breaking trip all round! 











Record-breaking astronauts 
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Thomas P. Stafford, John W. ee ame Eugene Cernan 





Apollo 10 was half a second late in rendezvous and docking operations — 
taking off from its pad at 12.45.5pm on between the Command/Service Ss 
18 May 1969 but it quickly made up Module (CSM) and the Lunar Module “ 
for it on the overall mission. Crewed (LM) - which the mission team had x 
by Commander Thomas P. Stafford, affectionately named Charlie Brown ny 
command module pilot John W. and Snoopy, respectively. a ~ | 
Young and lunar module pilot Eugene Everything had initially gone well: 
Cernan, the spacecraft reached the Stafford and Cernan entered the LM 
blistering speed of 39,897 kilometres when the craft reached the lunar orbit, 
(24,791 miles) per hour on its return leaving Young on the CSM and their 
to Earth. That represented the highest pair's craft got within 15.6 kilometres 
speed ever attained by humans and, (8.6 miles) of the Moon's surface. Yet 
to put it into context, it was a mind- there was a hair-raising moment when 
blowing 32 times the speed of sound. the LM was getting ready to head 

The mission's objective was to back to the CSM and started to spin Eugene C pai (left), f \ 
carry out the final rehearsal for the wildly. Thankfully, it splashed down Thomas Stafford (centre) nN 
first manned lunar landing, the idea safe and well on 26 May following that and John Young (right) of ¥f 4 


being that Apollo 10 would test the superfast journey. the Apollo 10 mission : 


Need for speed 


Apollo 10 travelled faster than the speed of sound 
((©))|1,236km/h (768mph) 


SOUND 


39,897km/h (24,791mph) ; 
APOLLO 10 Time it would take to travel 


i ) from London to New York 
a 62,140km/h (38,610mph) 


VOYAGER 1 


BEN LRUCASsilD) 


GALILEO 


(te)) 4.5 hours 
7.8 min 
oe manila 


1.9 min Weller 


pe 265,000km/h (164,700mph) vei ae 
JUNO 3 min (3,470mi) ° 





Apollo 13 was an unlucky mission. landing was impossible and attention 


Jim Lovell, Jack Swigert and Fred 


| -. The idea had been for Jim Lovell, Jack turned towards getting the astronauts Sees 
_ y Swigert and Fred Haise to land in back home, the mission having been TR ee een eee 
: the Fra Mauro area of the Moon. aborted. But there was a silver lining. pictured with President Richard Nixon 
But one of the oxygen tanks on Although it severely tested and 
board the spacecraft suffered re-wrote the emergency procedures 
| catastrophic failure, blowing up of a mission on-the-fly, the astronauts 
55 hours and 55 minutes into its were forced to circle the Moon, causing 
flight. It caused the other tank them to travel the furthest distance 
| to fail, which in turn led to the of any human to date. As they passed 
loss of the Command Module's over the far side of the Moon at an 
electricity, light and water. The altitude of 254 kilometres (154 miles) 
alarming issue was relayed to from the lunar surface, they were 
mission control with the infamous 400,171 kilometres (248,655 miles) 
words, “Houston, we have a problem...” away from Earth. They splashed down 
With the oxygen in the second on 17 April 1970, 142 hours, 54 minutes 


tank fast depleting into space, a lunar and 47 seconds after take-off. 





© NASA; Getty Images; Bruce Weaver; Robert Markowitz; KSC 
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Enceladu 


The sixth-largest moon of Saturn may not be 
the biggest, but the pale satellite has plenty of 
fascinating characteristics up its cosmic sleeve 


Discovered in 1789 by British astronomer and 
composer, Frederick William Herschel, the sixth- 
largest satellite of the ringed planet Saturn was first 
glimpsed through the largest telescope in the world 
at the time. The pale-coloured moon was named 
after the giant of Greek mythology who fought 
alongside the legendary Titans in their mythical 
war with the Gods (Saturn was the Roman name for 
Chronos, the leader of the Titans). 

For nearly 200 years, the tiny speck of light first 
glimpsed by Herschel remained the most accurate 
image we had of this impressive natural satellite, 
until the flyby was performed by the Voyager 2 probe 
on 26 August 1981. Through the lens of that craft we 
glimpsed the majesty of Enceladus for the very first 
time, marvelling at its snow-like colouring, networks 
of craters and deep surface ridges. And ever since, 
the moon has remained a point of fascination for the 
astronomical community. 

But our greatest study of the Saturnian moon 
didn’t come in 1981 - that was just a prologue 
compared to the revelations that were unearthed 


How to get there 


1. A powerful lift-off @ 
To launch a craft capable 
of flying the 1.2bn km 
Ceram comer lie en 
requires a powerful 
launch system, such as 
the Titan IIIE that carried 
Voyager 2 or the Titan 
IVB that carried Cassini. 


, 


® 2. Dormant travel 
After breaching the 
Earth's atmosphere 
and disengaging from 
Melee geo) 00 ee 
spacecraft bound for 
Saturn would readjust 
its course and go into 
Stasis as it begins the 








© 3. A Jupiter stop-off 
After about 18 months 
of travel in space, an 
interstellar spacecraft 
such as Voyager 1 or 
Voyager 2 will arrive at 
the gas giant of Jupiter 

long haul. and its 67 known moons. 


by the Cassini spacecraft in 2005. The NASA 
craft (which was paired with the ESA-funded 
Huygens vehicle) revealed plumes of water 
vapour that sprouted from the surface and 
froze into crystals as they were fired into 
the depths of space. These jets originated 
from giant cryovolcanoes in the south polar 
region of the moon. Alongside water vapour, 
Cassini also detected sodium chloride and 
ice crystals in these plumes. Some of this 
material would float back down to the 
surface of the moon, reaffirming its chilly, 
tundra-esque surface, which has a frosty 
temperature as low as -201 degrees Celsius 
(-330 degrees Fahrenheit). 

The Cassini spacecraft not only 
discovered that Enceladus has a smooth, 
freshwater ice surface that reflects most 
of its light back into the Solar System, but 
it also revealed a large subsurface ocean 
of liquid water beneath that same south 
polar region. 


© 4. Encounter with Saturn 
Following another 18 months 


of space-based navigation, 
a spacecraft travelling from 


ready to begin its flybys and 
science experiments. 


Jupiter would eventually arrive 
at the ringed planet of Saturn, 


































The only craft to ever 

enter a successful orbit 
omy UUW CRN One 
Huygens in 2005, which 
flew between the F and G 
Rings to pull off such a feat. 
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Enceladus 
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How big is Enceladus? 


Enceladus has a diameter of 505 kilometres (314 miles), 
which is less than the length of the United Kingdom. 





Saturn 






Enceladus 





How far is Enceladus? 


woes BTA, i fe i Much like the ringed planet it orbits, the moon of Enceladus sits 
- a a at quite a distance from the Earth. To make it there, a craft has 
= ~ to travel a staggering 1.2 billion kilometres (746 million miles). 





If Earth were the size of a aaa 

beach ball, Enceladus would 

Enceladus _ be the size of a marble, and 
would be 48km (30mi) away 
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Top sights to see on Enceladus 


When it comes to features, sights and would-be 
destinations on the icy moon of Enceladus, there's 
one in particular that springs to mind: the colossal 
liquid ocean beneath its crust. It was discovered 

in 2005 by the Cassini spacecraft, when powerful 
jet plumes were detected erupting on the moon's 
surface, revealing a body of water that covers the 
entire planetary body beneath a thick icy shell. Such 
a feature even causes the moon to wobble ever so 
slightly during its orbit, and makes it a candidate for 


studying potential environments for extraterrestrials. 


The icy moon also has many craters, caused by 
the impact of asteroids and other cosmic bodies 
over millions of years. Located at 55.1 degrees north 
latitude, 22.3 degrees west longitude and measuring 


Daryabar Fossa 

A fossa is a long, narrow depression that's shallower 
than a sulci (ridge) - the 201-km (125-mi) long 
Daryabar Fossa was imaged by Voyager 2 and Cassini. 


Diyar Planitia 
The Diyar Planitia istheothér 
main plain or ‘planitia’ on the 
surface of Enceladus. At 311km 
(193mi) across, this feature covers 
a significant area of the icy moon. 


an impressive 39.2 kilometres (24.3 miles) in 
diameter, the crater Ali Baba (the craters are named 
after characters and locations from the book Arabian 
Nights) is by far the largest. The crater is also unique 
due to the large dome in its centre that rises higher 
than the rim of the crater itself - scientists have 
surmised that this unusual structure was caused by a 
process known as viscous relaxation (where parts of a 
crater deflate at a slower rate than others). 

For all of its craters and deep ridges, Enceladus 
also has its fair share of smooth, flat plains. Two 
of the largest, Sarandib Planitia and Diyar Planitia, 
were discovered as far back as the early 1980s when 
Voyager 2 observed them alongside the heavily 
impacted sites across its northern polar region. 


ys Ieee (OM a elaliire) 

The Sarandib Planitia is one of the largest plains on 
the surface of Enceladus - although it's not entirely 
flat, it has fewer craters and ridges than other areas. 


—_ 


Sarandib Planitia in particular is a region of relatively 
un-cratered terrain that’s located at 4.4 degrees north 
latitude and 298.0 degrees west longitude, with an 
approximate size of 200 kilometres (124 miles). 

The Sarandib Planitia is bordered on its north 
and west sides by another unusual feature - the 
Samarkand Sulci. This large band of ridges and 
canyons is one of the largest on the face of Enceladus 
- it stretches for 383 kilometres (238 miles), curving 
around the Sarandib Planitia and beyond like a 
meandering scar. It's so large it is broken up into 
three sections, with the Cassini craft observing a 
large number of craters punctuating the northern 
segment and many dark patches characterising the 
southern, which are believed to be collapsed pits. 


Ali Baba 
The largest crater on the face of Enceladus, Ali 
Baba remains one of the moon's most recognisable 
topographical features. 

| 





Enceladus 


SS 
PTE CMe gy Le 
Enceladus is one of a set of larger 1:2 mean motion orbital resonance 
nBLole)eIsM Oat: MO)ND)Lmey-AUISOM- LMM Na Nats with Dione - it completes two orbits I Farth Wisele i 266 Enceladus days 
distances, the others being Dione, of Saturn for every one completed I Enceladus CRW = iy laeal CRW 
Mimas and Tethys. At a distance of by Dione. Enceladus also has a 
238,000 kilometres (147,900 miles) synchronous orbit, taking 32.9 hours to 
from the centre of Saturn (positioned rotate on its axis and to complete one 
between Dione and Mimas), Enceladus’ _ orbit of Saturn, meaning one side of 
32.9 hour-long day is part of a special Enceladus is always facing its planet. 






Enceladus 





Saturn 






Enceladus in numbers - 


1 i6) a / ‘ena ae eae 


The density of Enceladus - higher than 
Saturn's other mid-sized, icy moons 


reanet T 300OKM/N 


propelled eee erupting from 
AE IAOLL Enceladus’ surface travels into space 


the surface 
mpage ONese 
O Enceladus 
6) ()? 
The orbital inclination 
a Enceladus "a , The number of hours 


it takes Enceladus to 
Saturn's equa tor) complete a single orbit The distance in kilometres tf Saturn's centre and Enceladus 
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An interview with... 


Brian Greene 


From the Starmus Festival in Tenerife, the physicist and author of The Elegant Universe 
and guest actor on The Big Bang Theory talks about his thoughts on the universe 


Interviewed by Rafael Maceira Garcia 


You believe that our universe is made up of 
vibrating strings. What makes the string theory 
so important? 

The string theory is elegant because it takes a 
wealth of phenomena, particle properties and their 
interactions and it reduces them to one essential 
idea: the ways that little filaments can vibrate. For 
example, the string in a cello vibrates in one way 
and produces one musical note, and it vibrates in a 
different way and produces a different musical note. 
In string theory when these little filaments vibrate 
in different patterns they produce different particle 
properties. So the wealth of everything that emerges 
from the particles comes from the vibration of the 
strings. Everything is like a cosmic symphony. So it is 
a very beautiful, elegant idea. 


A key to understanding the superstring theory is 
grasping the idea that the vibration of the strings 
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in different patterns produces different particle 
properties such as mass and charge. Could you 
explain a little bit more about that? 

Well I think mass is a pretty easy one. We're used to 
how much heft an object has. So the heft of an object 
is its mass and when you break down an object into 
its constituents, you find particles and the particles 
also have mass. The nice thing is that from Einstein's 
E=mc? - the world's most famous equation - energy 
and mass, the ‘E’ and the ‘m’, are really two sides 

of the same coin. String theory leverages that idea 

by saying the ‘E’ is the energy of how quickly the 
string is vibrating. And you see, the energy of the 
vibrating string is what turns into the mass of the 
corresponding particle: heavier mass means a more 
widely energetic vibrating string, while a lighter 
particle means a less energetic vibrating string. That's 
how string theory, in principle, can address the 
question of what is the mass of the particle. 


According to Greene, string 
theory predicts multiple 
ensions and multiverses 


How does string theory help us understand how 
the universe began? 

That’s a hard question. I wish I knew the answer 

to that. So string theory, for the first time - at least 
on paper - puts together the laws of gravity, general 
relativity and the laws of quantum physics. Before 
string theory, these two structures just wouldn't 
talk to each other but you need them to talk to each 
other at the beginning of the universe, because it’s 
so dense that you need gravity and so small that 
you need quantum mechanics - sort of like at the 
centre of a black hole. Without being able to merge 
them together, there's no way you'll ever answer the 
question of how the universe began. String theory 
has been able to melt them together but it’s not really 
answered the question, so we're still working on 
understanding how the universe began. 


Einstein pursued the unification theory for 30 
years. What do you think his reaction would have 
been to string theory? 

Well it is always hard to predict. Einstein believed 
that there was a unified theory. That's what drove 
him for 30 years and in many ways that's what string 
theory is. Now it's a different kind of unification 
than he envisioned because, you're correct, quantum 
mechanics was never really what he thought was a 
correct description of the world. He thought it might 
be a stepping-stone to a deeper understanding and 
he hoped that his unified theory would get rid of 
quantum mechanics, or at least the strange features 
of it. We've not found that to be the case, but string 
theory is a very geometrical theory and it's all about 
geometry. So I think he would love it. 


Multiple dimensions, parallel universes... The 
science of string theory sounds like science fiction. 
The strings are too tiny to locate and the theory 
is not yet testable. How does string theory predict 
the extra dimensions and multiverses? 

Yes, so string theory invokes a lot of ideas that are 
completely unfamiliar and do sound far-out and far- 
fetched, such as the possibility of extra dimensions 
of space. But the thing to bear in mind is that these 
notions are not dreamt up in the mind of a string 
theorist. Rather, they emerge from careful rigorous 
study of the equations that describe the motions of 
strings, and we find that those equations tell us that 
the theory is only logically sensible if there are other 
dimensions. So there are two conclusions. 


Are there any experiments thought to detect a 
parallel universe or another dimension? 
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Brian Greene 
Theoretical physicist and 
string theorist, Brian Greene 
is a professor at Columbia 
University and chairman 
and co-founder of the World 
Science Festival. He is best 
known for his books, The 
Elegant Universe, Icarus At 
The Edge Of Time, The Fabric 
Of The Cosmos and The 
Hidden Reality, and for his 
appearances in Frequency 
and The Last Mimzy. 


“Without being 
able to merge the 
theories of gravity © 
and quantum 
mechanics, you'll 
never answer the 
question of how the 
universe began" 
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Greene believes string theory is a leading contender for 
putting the theories of gravity and quantum mechanics 
together in a mathematically sensible way 


40 








‘In string theory, when little filaments 





vibrate in different patterns they | 
Star sReretat st particle properties. 
verything is like a cosmic symphony” 


Yes, for instance, there is now data from the Large 
Hadron Collider that is not yet definitive, but there 

is arumour that a new particle may have been 
discovered, which is 750 times the mass of a proton. 
One of the explanations for this potential particle is 
that it is an excitation of a part of space beyond ours 
in the extra dimensions. So there could be data in 
existence right now possibly giving some support to 
the possibility of extra dimensions. But we will know 
more in August. 


What would you say to those who think string 
theory is too weird to be true and can't be tested? 
Well I would say that they're probably right, that 
string theory is not relevant to the world. Period. 
Why? String theory is a far-out idea and most far-out 
ideas are not correct and that's just how it is, but 
there is so much circumstantial evidence pointing 


toward the possible relevance of string theory that 
it's enough for us physicists to take it seriously. 

But for the public to take these ideas seriously and 
really believe them, we're going to need data and 
observational evidence, which we don't have yet. 

If this particle is real and if the best explanation 
proves to be true - that it’s an excitation of a higher 
dimension of space - it will be an incredible moment 
and people will say, “Wow! Here is one piece of data 
that seems to balance the scale in the direction of 
string theory.” 


Because it is unacceptable that the universe is 
divided into two contradictory theories... 

Yes. Philosophically speaking, it’s hard to believe that 
the universe could simply be general relativity for 
the big stuff and quantum mechanics for the small 
stuff, because they just don't work together. Could 
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it be that way? It’s just hard to imagine how that 
could possibly be true. String theory is our only real 
candidate that puts them together, although there 
is another called loop quantum gravity, but string 
theory is a leading contender for putting the two 
things together in a mathematically sensible way. 
That is a strong compelling reason for a physicist to 
take the idea seriously. 


How do you think that investigations on black 
holes can affect string theory? 

String theory and black holes have an intimate 
connection. Black holes are a wonderful laboratory 
where you have an extreme environment: a lot of 
matter crushed to a fantastically small, dense size. 
That means that the ideas of string theory should 
begin to become relevant to black holes and that’s 
why so much research has happened by connecting 
them through black hole physics. Who knows, maybe 
observations of the heavens and black holes will 
provide us with evidence... 


What is the next milestone for string theory? 

I'd say the next big milestone could be an observation 
that has even some tangential circumstantial link 

to string theory. That would be huge. And the other 
thing, I would say, is [related to] black holes. If string 
theory can fully unravel the mysteries of black hole 
physics, to me, that would also be one of those vital 
theoretical milestones that really shows that the 
theory seems to be relevant to reality. 


Do you think string theory will be important in 
100 years from now? 

Well, it all depends on what happens between now 
and 100 years from now. It could be that string 
theory will be completely forgotten. It could be a lost 
collection of ideas that were developed a hundred 
years ago and they just died out. 


Do we have examples of similar things happening 
in the past? 

Oh! There are so many ideas from the past that are 
simply gone; too many to count. It would be, in some 
sense, unprecedented in terms of the number of 
people that have worked on these ideas, but if you 
go back a hundred years they didn't have teams of a 
thousand people working on anything. Because that’s 
not the way it was done. So it’s hard to use history as 
a guide but if you ask me based on my gut feeling, 
my intuition is that, at worst, string theory will be 

a stepping-stone to a deeper understanding of the 
world, which will be confirmed observationally. That 
would be my guess at worst. At best, string theory is 
the unified theory and that's all there is to it. 


What implications would the discovery of an 
equation to explain all the forces have on our 
science and lives? 

Well, I think in day-to-day life not a whole lot, but it 
would establish that the human mind is capable of so 
much... Of being able to explain so much about the 
world and, to me, when people absorb that idea it will 
enliven us all and enrich us all. It would show the 
grace and humanity that is possible when using the 
human brain to explain the world, and that’s deep 
and exciting. 
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Brian Greene 
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Black holes and string theory ane an intimate connection. 
A lot of string theory research is connected to and 
explained through black hole physics 


Teeter Peers Dr mon Greene Pee ir 
Origins Symposium at Arizona State University, US, on 
6 April 2009 


| article 
may have been discovered, which is 
750 times Ne mass - a sag 

Eight toroid magnets surround 


Pi a 7) Q 
7 \ iy a “If = the calorimeter, which 
A 4 ' f measures the energy of particles 
ey Ee G Dp \ i ww eo a be 4. ee when De collide 















© Rafael Maceira Garcia (IdeaVisual Tenerife); Katja Heinemann; Alamy; Getty Images; Shutterstock; NASA; CERN; Maximilien Brice 


ANU 


ace ENJOY MORE OF YOUR FAVOURITE SPACE 


Your Complete guide to the 
PeTRst§ astronomical event 
of the decade 


ee ass I the witimate r 
peaeeinis tg (ay! 
secrets of the universe's most 


See more at: www.greatdigi 





MAGAZINE FOR LESS WHEN YOU SUBSCRIBE! 


Every issue 
packed with... 


® Fascinating features on space exploration, technology and wonders of the universe 
® Exclusive interviews with astronauts, astronomers and other top space experts 
® Stunning images of galaxies, nebulae, the stars and the planets 


@ Easy-to-follow stargazing guides for all 


Why you should. 
subscribe... 


® Save up to 36% off the single issue price 
® Immediate delivery to your device 
@ Never miss an issue 


@ Available across a wide range 
of digital devices 





Download to your device now 








tv dill dl LAE ' Mill | 


Grey re to the pages of sciencé fiction, - 
astronomers are starting to think these portals 
_ through space-time might be real Bu ere 


int x F Written by Colin Stuart 
‘<i 4 


: , "4 | . , . ith Git : fs ose 
44 * a : } Ft www.spaceg 
fe = , P F 4 
-_ P " P é r , : y 
_ . " 7 : ro r , , td. 4 : , ; J 


1 


) | The hunt for wormholes 4 









» Have your say... 


» Do you think 
wotrmholes could exist? 
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It was the plot for an epic 2014 Hollywood 
blockbuster. In Interstellar, a crew of astronauts travel 
across space on the hunt for an alternative lnToyssTe 
for humanity. Yet they don't leave our Solar System 
by the conventional route; instead, they head into 
a wormhole in the vicinity of Saturn and emerge 
almost immediately in a distant galaxy. These 
wormholes - shortcuts in space and time - have long 

been a staple of science fiction. 

But some scientists believe we may soon be 
able to prove that they are just as real a part of 
the universe as the Sun and the Stars or you and 
I. The scientific term for this exotic object is.an 


Einstein-Rosen bridge, which is a clue as to where 


the idea came from. Wormholes are rooted in 
Albert Einstein's general theory of relativity - his 


‘’ groundbreaking masterpiece that turned our 


ideas about gravity on their head. For centuries 


_ we thought we knew how gravity worked thanks 


to Isaac Newton. Apples fell to the ground and 
the Earth stayed in orbit around the Sun because 


.of a gravitational pull between the objects. Yet 


Einstein saw it differently, suggesting that what we 
experience as gravity is simply a bending of space 


-and time. Under this radical new regime, the Earth ~ 


orbits the Sun because our star's mass warps the 


“The Earth orbits the Sun because our 
| star's mass warps the space around it, 
emery aee oie R ae 








space around it, much like a bowling ball would 
warp a bed sheet if it-were placed in the centre of it. 
Our planet is simply following the local curvature of 
this fabric (which Einstein called ‘space-time’).  _ 
Such a crazy idea was in dire need of 
experimental evidence to back it up. Crucially, 
a solar eclipse in 1919 offered just such an 
opportunity: When the Moon blocked out the Sun, 
it was dark enough to see stars close by. Yet we 
don't see these stars where they really are because 
the Sun's gravity bends their light on the way to us, 
Newton and Einstein's competing pictures of gravity 
predicted different amounts of bending, allowing 
us to see.who was right. It was Einstein who came : 


-.out on top..So massive objects do indeed bend the 
~ space-time around them._ : 


aU nNCB el=-BTs exactly what the fictional astronauts 
exploited in Interstellar: Imagine Soy lack Elstree) 
paper. You live at one end and you want to travel 
to the other end. Ordinarily, you'd have to trudge 





What is a wormhole? 


There's more than one type of shortcut for long journeys 


| across and beyond the observable universe 


E CJ e@ C 
ewe eae BY 
This is the transport mechanism used by the crew of astronauts in the film. 
Interstellar as a shortcut between our Solar System and a distant galaxy. 
Einstein's general theory of relativity suggests it might be possible to bend 
space-time sufficiently to bring you and your destination much closer together. 
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All wormholes have two 
openings, often called ‘mouths’ - 
you enter one and exit the other. 






® Ordinary space 
Aiea lem eels 
away from the mouths are 
known as ordinary space. 





® Throat 


The tunnel that connects 
the two mouths is known 
as the ‘throat’, but it's 
hard to keep it open. © 
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The equations of Einstein's general theory of relativity blow up in a fever 

of infinities at the bottom of a black hole. Replacing them with a slightly 
modified set of rules suggests that a wormhole to‘another universe might exist 
in its place. But we do not have the evidence yet that those alternative rules 
are the right ones to use. 


One mouth @ 
per universe 
Beam anemenl 
entry mouth is ina 
faces eee 
to the exit mouth. 
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Journey to the @ 
MAO eles 
Rather than connecting 
two points in the same 
universe, the throat is a 


portal to a parallel universe. 





the entire length of the page to get there. But what 
if you folded the paper in half instead? Suddenly, 
where you are and where you want to be are right. 
next to each other. You simply have to jump that 
tiny gap. We call these objects wormholes because it 
is hikes FI ievennl trying to navigate its way around an 

_apple. To get from the top to the bottom it has two 

_ choices: crawl around the outside or chew a shortcut 

through the middle. 5 a 
Until recently, our chances of finding these 

objects (if they do indeed exist) were slim at best. 
~ But that changed ra Uo)yRUETAMMeanicm(-- Ten iUalsiami ele 
scientists behind the LIGO experiment, based _ 
in the US, announced the first ever detection of 

_ gravitational waves. These are tiny ripples in the : 
fabric of space-time, predicted by general relativity, 
and which spread out through the universe much 
like-ripples on a pond. “It was a game-changer,” says 
Vitor Cardoso, a physicist at the University of Lisbon 
in Portugal. Two black holes - each about 30 times. 
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“With this new 
set of rules, it — 
would be possible 
for an observer - 
to gothrougha ~ 
wormhole and © 
x @; (0-0 0)'(~) 0 (0 
another region 
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Diego Rubiera-Garcia 


A technician at the LIGO experiment, which 
announced it had detected gravitational 
MVEA CCB ie) md eeBileimalants earliertthis sors 


The Laser Interferometer Gravitational- 
Wave Observatory (LIGO) at Livingston, 
Louisiana, listens for faint whispers of the 
most energetic events in the universe 


~ ‘The hunt forwermholes 


éf 
Fai 







s F 


. - & ‘ ny 
a a a 
= . 
= - 
* “at 
- i & 


Where scientists 
think wormholes exist 


If they are out there, astronomers think 
that they know where these portals 
through space-time could be hiding 





Centre of the Milky Way 

Xa (=y- | er) OS) Eee Kole TS 
could be a wormhole lurking in the centre of 
the Milky Way some 27,000 light years away. 
Ordinarily, a wormhole would need some exotic 
matter to keep it open, but researchers believe 
dark matter might be doing the job instead. 
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Inside a black hole 

Rather than having a singularity at the centre 
as general relativity predicts, some researchers 
believe we'd find a wormhole - one that could 
allow us to make the journey from Interstellar 
a reality. However, the jury is out on whether it 
would be big enough for a human to traverse. 





Quantum foam 

Physicists think that even empty space isn't truly 
empty - on the smallest scales it is a cauldron of 
bubbling energy popping in and out of existence. 
PANE olpMeXO) pam Nal al qari o(21 egy em mer) mB) Lal 
holes may be being created all the time in this 
‘quantum foam’. We'd need to put a lot of energy 
in if we wanted to make one permanent. 
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When a gigantic star - with a mass much more 

than 20 times the mass of the Sun - dies, 
sometimes a black hole is formed. When we refer 
to a star dying, we mean that it no longer has any 
nuclear fuel to burn and this means that gravity is 
unable to override an outward force. The core has no 
choice but to collapse in on itself in the catastrophic 
explosion of a supernova. The devastated star's 
outer layers are expelled into space while the core 
continues to shrink in size. 


A cosmic plughole 
Shrinking smaller and smaller, the core 


continues to pale in significance compared 

to its former stellar glory, collapsing into an even 
smaller size. However, while it has shrunk to a 
speck, all of its mass is concentrated in a very small 
area. Meet what is known as a singularity, which 
might be small, but it is so heavy that it has the 
ability to really bend space-time. Not even light can 
escape the gravitational pull of the singularity. 

Gravity is essentially the effect that a heavy object 
has in the fabric of space-time that can be found 
around it. Picture a sheet held loosely at each of its 
four corners. If you place a heavy object onto that 
sheet, you'll find that it makes a dent. Anything in 
the vicinity of the object that made the dent will fall 
towards it. This is gravity. 


| Collapse of the core 


The makings of a doughnut 

A star’s core can still be found to be spinning 

when it decides to collapse. Crumbling to the 
minuscule, yet hefty, singularity, it begins to rotate 
faster and faster. It spins so quickly that what's left 
of the star's material spreads out and is moulded 
into a doughnut. Space-time is no longer focused on 
a single point; it's now being wrapped around this 
space ring, creating a tunnel. 


Punching through space 
A The tunnel being made punches its way 

through the fabric of space-time and, almost 
in a state of reversal, it emerges backwards in time 
and into the past. This tunnel, which could feasibly 
work its way into another parallel universe, is called 
an Einstein-Rosen bridge, or a wormhole. Any matter 
that is grabbed by the black hole is passed through 
this tunnel. 


Meet the white hole 
. If you were to travel through a wormhole, you 
would reach its far side, which can be likened 
to a black hole in reverse: the white hole. Matter 
pulled in by the black hole will emerge from the 
singularity found at the white hole’s centre and be 


released back into space. Just as nothing can escape 
a black hole, it’s not possible to enter a white hole. 





aoe wormholes are made 


If these space-time tunnels do exist, what would they look 
like and how would they come into existence? 
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Black hole ® 
Everything - from matter 
to light - is pulled into the 
high gravity black hole. 
See AR UN Ce CME 
future end of the wormhole. 





White hole @ : 
Matter and light is thrown out , : ; 
into the past, very much like a ® Einstein-Rosen 
smaller version of the Big Bang. By a{e sexs or wormhole 
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' more massive than the Sun - had rammed into each 


_wormholes would produce a similar burst of _ - 
raeNulelaterell waves. Excitingly, however, he says 
the resulting waves would be slightly different, ° 
. allowing us to distinguish between black holes 


- wormholes, after the silence you get an echo - a 


~ wormbholes . 
Bia im eee 


‘be detectable 
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other 1.3 billion years ago. Their violent nee LeBr Tee 
sent a tsunami of gravitational waves roaring out . 
through space-time, eventually reaching the LIGO 
instrument in September 2015. 

Cardoso’s.research suggests that two colliding 


and wormholes. The key here is what's known as 

ma dece Batley - the’way in which the gravitational 
VEN die away TiC the initial collision. It’s similar 
rom datoM eh meal sound of a ringing bell fades over 
_time. “With-two colliding wormholes you would cee 
the ringdown - just like you see for black holes - but . 
if your detector is very sensitive then seconds, .or 
tens of seconds, after the main burst you would 

tee something different, " he says. This is due to the 
nature of black holes - EMBL Luo behemoths geri 
swallow anything that.gets too close. The ringdown 
of colliding cla holes SINE NS eles quieter, 

quickly jeVantatea EVEN to silence. But with oll telnet 


sudden, late signal as the gravitational waves bounce 
off the wormholes’ surface. You can't get that with 
black holes as they swallow everything. 
Unfortunately, LIGO currently isn't sensitive » 
enough to pick up ed vtom Ce ikemel bLevalsCocee SEE 
researchers are upgrading LIGO’s instruments EWl 
it could be possible in “ten years from now or so,” 
Cardoso says. The other exciting project on the 
horizon is the JAB Re) Yer Tel Space Agency's (ESA's) 
Evolved Laser Interferometer Space Antenna (eLISA). 
It is a gravitational wave observatory iNOS) oem aa 
has a tentative launch date of 2034. However, in ~ 
2015 ESA launched LISA Pathfinder - a test mission 
to develop certain key technologies that are vital 
for eLISA’s success. And in April this year ESA. 


announced that LISA Pathfinder had indeed shown a If taht exist, ree tlcal ee travel 





: dele eLISA was feasible. 


asi ringdowns of collisions might not be the eT through a wormhole? 


route to finding a wormhole. Cardoso’s colleague at 


the University oi meen - Diego Rubiera-Garcia - has YES (0) 


if another idea. He’s been studying what goes on deep 
. inside a black hole. The Spree) picture of black 
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alae dates next . “The possibility of using wormholes to travel “The problem is that usually these 
generation OF : _° is not completely excluded, at a theoretical wormholes are very small, and when I say 


level. However, to even create a wormhole small, I mean really, really small. So it is not 
9.48 oH To alice | requires exotic matter that we have never possible for a real observer to pass through 
seen here on Earth.” that wormhole." 
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holes, as described by general relativity, has all the 
in-falling mass squeezed down into an infinitely’ 
small, infinitely dense point - a singularity. “Any 
observer who approaches this point is destroyed,” 
says Rubiera-Garcia. “After that you will disappear 
from space-time, there is nowhere else for you to go.” 
It is at this singularity that general relativity breaks 


* down, where its equations stop making sense. This | 
'. leaves many physicists confident that we need a 


new set of rules to replace general relativity in such 
PUB). qecc00lcm as OhisICOvabeN dele | 

And that's where wormholes come in. When 
Rubiera-Garcia applied one of the alternative sets of 
rules to the physics of black holes, the singularity . 
disappeared and the mathematics yielded a 
wormhole in its place. “Then it would be possible - 
for an observer to go through this wormhole and 
cross to another region O) ina e(omUN STA OR eomCN CR 
The trouble is that this shortcut through the cosmos: 
might just be a phantom:of the mathematics: the. 
ETI IaaELOAM CORI BCI clehslamdecla ely are ere 


used to find it might not be how our universe really 
works, So, as with all good scientific theories, it 


needs to be tested, just as Einstein's was in 1919. 
That's where gravitational waves come back in. 
Once we have built up a significant library of 
gravitational wave detections, we can trawl through 
the data looking for departures from what general 


_~ relativity predicts we should see. If these departures 
Sc otneMeTeleRdnoimrerlcoemiVeUmdsCeelitsere ini: 
theory predicts, it could signify that wormholes do 
indeed lurk inside black holes. So the first detection’ 


of gravitational waves has ushered in a new era, 


_ one in which we may well find out that wormholes _ ° 
orn just science fiction after all. | 


Einstein's general 
theory of relativity 
Sree awe A eels 

we experience as 

gravity is simply a 

bending of space 
and time 





“To even create a wormhole requires 
exotic matter that we have never seen 
here on Earth” vito: cardoso 
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How do we know if we've found a wormhole? 


There are several clues to look out for if we find a candidate for a space-time portal 


Gravitational wave ringdown echo 

The gravitational waves from colliding black holes 
die away very quickly. But two colliding wormholes 
would produce an echo detectable with the next 
generation of experiments. 


Microlensing 

If a wormhole passed in front of a distant star it 
would bend the star's light slightly in an event called 
‘microlensing’. The technique has already been used 
to find rogue planets. 





Heading into one 

Some scientists believe that black holes are actually 
wormholes in disguise. It's a risky endeavour but 
sending something into one would let us know for 
certain if wormholes really do exist. 
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An animal in crisis 

In eastern Africa, poachers use 
automatic weapons to slaughter 
endangered rhinos. The animals 
are shot and the horns are hacked 
away, tearing deep into the rhinos’ 
flesh with the rhino left to die. 


Make a difference today 

O| Pejeta is a leading conservancy 
fighting against this cruelty. 

It needs more funds so more 
rangers and surveillance can be 
deployed on the ground to save 
rhinos from this horrible treatment. 


Join World of Animals 
World of Animals magazine takes a 
stand against these atrocities and 
is oroud to be In partnership with 
the Ol Pejeta Conservancy - 10% 
of our profits go towards saving 
rhinos in the fight against poaching 
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Buy World of Animals at all good shops now 
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John Spencer | 
John Spencer is a key 
member of the New | 
Horizons mission that has 
been exploring the edge of 
our Solar System. The craft | 
was launched in 2006 and 
successfully performed a 
flyby of Pluto last summer, 
with Dr Spencer among 
the planetary scientists | 
poring over the data. Born 
in Colne, UK, Spencer has 
a PhD in planetary science 
from the University of 
Arizona. He now works in 
the department of Space | 
Studies at the Southwest 
Neier GUM TACELAO C=O |p me 
Boulder, Colorado. He was | 
a key figure in persuading 
NASA to extend New | 
Horizons to 2021, andthe | 
probe is now set to delve 
deeper into the Kuiper Belt. 
























“Pluto was far more 
complex, varied 
and active than 
we could have 
ever hoped. New 
Hor1zons was OUr 
first close-up look at 

an ice dwart planet” 
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New Horizons: 


Lite arter Pluto 








As the NASA mission is extended for a further five years, co-investigator 
John Spencer details his hopes for the next leg of the journey 


Interviewed by David Crookes 


NASA has agreed to a mission extension for New 
Horizons to 2021. How are you feeling about that 
at this moment in time? 

Ecstatic. There is so much more to do with the 
spacecraft once we are beyond Pluto because the 
Kuiper Belt is an unexplored part of the Solar System. 
While Pluto is part of the Kuiper Belt, it's a very 
unusual member so we want to see what some of the 
more typical members are like. 

When we detailed our proposal for New Horizons 
to NASA in 2001, we actually designed the spacecraft 
to be able to perform this extended mission. We 
made sure it would have enough fuel to divert to 
another project in the Kuiper Belt and get up close to 
it. To be able to do that is pretty thrilling. 


The space agency has been extending missions 
quite frequently. Is this something that could 
become the norm? 

Well, it depends. Sometimes a mission has a very 
specific, cut-and-dry purpose and, to be absolutely 
sure you can meet that goal, you build in a margin. 
You make sure the instruments will not only last the 
primary goal but probably a lot longer, so you want 
additional fuel in case you need it along the way. It's 
then likely that when you accomplish your primary 
goal, you will have resources left over that may allow 
you do a little bit more. In this case, it’s a little bit 
different because we were planning from the start 

to have the capability to accomplish the extended 
mission further into the Kuiper Belt, and that meant, 
for instance, carrying a lot more fuel than we would 
have needed if Pluto was our only goal. We always 
knew we would be able to achieve our extended goal 
if we were funded to do so. 


Do you have to make any special arrangements for 
the extended mission? 

We are making changes. We're adding new people 

to the team who are experts in small Kuiper Belt 
objects and some people whose focus was very 
much on Pluto are leaving the team. We are having to 
negotiate additional time on the Deep Space Network, 
too, so we can continue to talk to the spacecraft and 
so on. So there's a lot of work to be done to make this 
happen but it’s the kind of work we have been doing 
all along. That said, it is a bit of a different kind of 
mission that will require a different way of operating. 


New Horizons is now looking to reach 2014 MU69 
by 2019. Is your entire focus on the destination? 


www.spaceanswers.com 


With Pluto we did very little science between the 
Jupiter flyby in 2007 and the arrival at Pluto in 2015. 
During that time, we would check out the spacecraft 
every year or So and we would check the instrument 
calibration, but we weren't really doing science. 
Instead, we were focusing that whole time preparing 
for the Pluto encounter, developing the science 
observations we wanted to do, and rehearsing them 
on the ground and on the spacecraft in some cases. 

Now we will have one close flyby on 1 January 
2019 with 2014 MU69, but before then we will be 
flying past a lot of other objects in the Kuiper Belt, 
seeing a much bigger range and getting useful 
observations of them as we go past. So there will a 
fairly continual sequence of observations scattered 
through the next 2.5 years and it will be a little bit 
more complicated because we will be doing more 
than one thing at once. 


Does the shorter time frame increase the pressure 
to get it right? 

Well, we only have 2.5 years to prepare for this 
rather than having eight years or so between Jupiter 
and Pluto, so we do need to work on a much more 
accelerated schedule. But that will be possible 


New Horizons, launched on 19 
January 2006 by NASA, has been 
granted a mission extension after 
completing a successful flyby of 
Pluto last summer 


because we have the mechanism in place for how 
to plan observations and we have all the software 
needed to test them and so on. It means we will 
be able to do everything we want, but we will have 
to do them a lot faster than we did when we were 
preparing for Pluto. 


What are you hoping to find along the way? 
We will be observing about 20 distant Kuiper Belt 
objects. We won't be close enough to see the detail 
on their surfaces but we will see them as points of 
light against a star background and we will be able 
to observe them from different angles as we fly past. 
They will look brighter on approach because we will 
be seeing the sunlit side and they will look dimmer 
as we go past because we'll be looking back at the 
crescent of these objects, so it’s a bit like the Moon 
going through its phases. The rate at which the 
brightness fades as we go from looking at the sunlit 
side to the dark side will tell us a lot about what the 
surfaces of these objects are made of, how rough they 
are and whether it’s fine powder or more rocky. 

It will also allow us to compare the different 
objects because we will see different kinds of Kuiper 
Belt objects flying past. We can use this as a way of 
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classifying them and we will be able to compare their 
behaviour to 2014 MU69 and see how typical it is. 


So 2014 MU69 is the only one you'll see close up? 
It is, although we'll be close enough to some of these 
objects that we'll be able to look for moons or even 
rings around them, which we would not be able to 
see from Earth. Even though we only have a little 
eight-inch telescope on the craft, we will be able to 
see more detail than Hubble, simply because we are 
so much closer and that will be a useful contribution. 


What are you watching out for? 
We will watch the brightness changing as the objects 





When New Horizons was being prepared, scientists 
ensured it could go on for longer than its primary goal 
of reaching Pluto 





rotate so we will learn about rotation rates and things 
like that. But with 2014 MU69, we will be getting up 
to 3,000 kilometres [1,860 miles] distance and we 
will be filling the frame of our mirror-angled camera 
with the object and seeing lots of surface detail - 
craters and fractures and boulders and who knows 
What else we might find? We will be taking colour 
images and mapping the composition of the surface 
in infrared and we will be looking for any signs of 
gas that might be coming off it. That said, we don't 
expect to see gas because this object has been ina 
stable orbit for a long time and it should have lost any 
gas that might have come off by now. But we want to 
be prepared for anything because we have certainly 
been surprised many times in the past. 


Why the focus on the Kuiper Belt? 
It is a completely new class of object. There are 
hundreds of thousands of objects the size of MU69 
in the Kuiper Belt and it is the least disturbed region 
of small bodies in the Solar System. The asteroid 
belt, by contrast, has been very much stirred up by 
the gravity of Jupiter and there have been lots of 
collisions between objects in the asteroid belt, so 
there are lots of interesting things to learn there. 
But it is very different from how it was when 
comets formed in the outer Solar System and were 
perturbed back into the inner Solar System. Those 
lost a lot of ice and gas and they are of a different 


form to how they started out as well. But these 
bodies out in the Kuiper Belt have been there for 
billions of years with very little happening to them 
since they were part of the formation of the Solar 
System. This means we can learn a great deal about 
how the Solar System formed and how these small 
bodies came together to later make larger planets. We 
won't be able to learn this elsewhere so we are very 
excited to see these objects up close. 


You're also going to be looking at Eris, aren't you? 
Yes, even though Eris is further from New Horizons 
than it is from the Earth. But we have an opportunity 
here because we are looking across the Solar System 
to the other side, which means we can look at Eris 
from a different angle than is possible from Earth. 

The Earth is so close to the Sun that you can only 
ever look at a full disc and Eris is always seen fully 
illuminated. From New Horizons, we can look at it 
further away from the Sun and we will see how it 
scatters light from other angles. That will tell us more 
about what the surface is made of. But yes, we are 
100 astronomical units [one astronomical unit is the 
distance from Earth to the Sun] away from Eris so it's 
a little odd that we can do new science from further 
away than we were when we started the journey in 
2006. But we'll have this unique perspective that will 
hopefully give us some new insights into what the 
surfaces of these objects are like. 


“We'll be close enough to these Kuiper 


Belt objects that we'll be able to look for 
moons or even rings around them” 
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Jeffrey Moore of the NASA A 
enter (middle) and Dr Da 
of the Planetary Science Institute (right) 
discuss New Horizons in Washington, DC 
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Is this the kind of opportunity that you stated in 
your case to NASA? 

Yes, absolutely. The proposal that we wrote in the 
spring and that NASA reviewed and approved pretty 
much laid out these arguments. This is what we 
think we can do, these are the objects we think we 
can look at, and this is what is unique about what we 
can do compared to what we can do from Earth. In 
some cases, it’s simply because we can look from a 
different angle. 


What would have happened without the funding? 
If for some reason NASA had not been able to fund 
us, we would not have been able to pay for the time 
of the engineers to design observations, or for the 
Deep Space Network to talk to the spacecraft, and 
that would have been the end of the mission. But 
the spacecraft is continuing on, faster than escape 
velocity from the Sun so it won't slow down much 
more and it will continue out of the galaxy whether 
we talk to it or not. 


Obviously, New Horizons made a successful flyby 
of Pluto. What are the key discoveries? 

Oh, boy, there were so many. It was just an amazing 
place to visit and far more complex, varied and active 
than we could have ever hoped. We saw so many 
things we couldn't have possibly imagined before 

we got there: giant ice mountains and this enormous 
sea of frozen nitrogen that is convecting and flowing; 
glaciers and huge areas covered in dark organic 
material. It was our first close-up look at an ice dwarf 
planet and just seeing a different kind of world and 
features we had never seen before was amazing. So 
now we are just trying to figure out what it all means. 


Was there anything particularly striking? 

One of the striking things has been that a world as 
small as Pluto is still producing a remarkable variety 
of phenomena, with lots of geological activity that is 
continuing to this present day. But there isn't a giant 
planet nearby that could distort it and heat its interior 
through friction, which is how a lot of the moons 

of the giant planets are heated and come to have 
geological activity. So it's intriguing that the little bit 
of radioactive heat from the rock inside Pluto and 
the little bit of leftover primordial heat is enough to 
power remarkable geology. 

We also thought that the atmosphere was escaping 
into space at a rapid rate because that is what our 
calculations were suggesting, but when we got to 
Pluto we found that we were wrong about that. It is 
losing its atmosphere to space but 100 times more 
slowly than we expected, so the atmosphere was 
full of surprises as well. It was just an amazingly 
successful mission and we have learned a huge 
amount about Pluto as a result of that. 


Is the data continuing to surprise you? 

We have got 80 per cent of the data down and we 
prioritised it so that the closest and the best pictures 
came down first. What is coming down now is the 
rock pile - all the distant images and the bits of sky 
that don't have Pluto in them, which may show 
some objects orbiting Pluto such as rings and things. 
That's still going to be interesting but it's the lowest 
priority stuff. Having said that, we are continuing to 
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Shortly after its closest approach in 2015, New Horizons 
captures the icy mountains and flat ice plains of Pluto 





find surprises in the data. We are busy writing papers 
now and getting them published and also preparing 
the data for public access. Right now, most of the data 
is accessible only to the team, but in October we will 
be submitting most of the data with good calibration 
and documentation and so on to NASA's planetary 
data system, where it will be archived for anyone to 
access the data and do research on it and draw their 
own conclusions. 


Is there life for New Horizons beyond 2021? Where 
else could it go? 

The main focus beyond 2021 will likely be the solar 
wind. We're getting into the outermost part of the 
Solar System where the solar wind is slowing down 
and it will eventually run into the interstellar winds, 
so you'll get a transition there. This is a region that 
has been explored by Voyager 1, which was launched 
in 1977, and which is currently about three-times 
further from the Sun than even New Horizons. But 
while we are following behind Voyager, we have 
more sophisticated plasma instruments so we can 
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An artist's impression of a Kuiper Belt object on the outer 
edge of the Solar System 





learn more details about that transition and how the 
plasmas are interacting in that outermost part of the 
Solar System. We could also find additional objects 
that we can photograph out there. They probably 
won't be ones we can get close to but there may be 
more distant observations that we can make. 


So we can expect lots of cool pictures? 

Well, we don't currently know of any objects out 
there that we could observe with our cameras, so 
it's likely we won't be using our cameras and our 
spectrometers at that point but instead will be 
focusing on the plasma instruments. But all of that 
is subject to getting another extension from NASA, 
which we won't be proposing for a few years and 
which will be a different kind of mission. But we 
expect to talk to the spacecraft until some time in 
the 2030s because it should still have enough power 
to run its transmitter, send us data and receive 
commands. So I think, if we get the funding, there 
will be a long and interesting mission for New 
Horizons beyond this current extension. 
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In science fiction, we are used to seeing spacecraft 
fly from one planet to another with ease. But in the 
real world, flying between two different objects in 
SO (ecw mae liseelel Lam i-bEex— amounts OUI E IK 
needed to do so, something that just isn't eet 
available to most of the relatively small probes that 
we have sent out into the cosmos. 

But in 2012, NASA's Dawn spacecraft changed all 
that. Using a revolutionary ion engine, it became 
the first spacecraft ever to orbit two separate bodies 
aside from Earth, in this case two large asteroids 


- 


With the decision made for the Dawn spacecraft to 
continue studying the dwarf planet, we relive what 
we've discovered from the NASA mission so far 


Written by Jonny O'Callaghan Ye 
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(one technically a dwarf planet) in the asteroid 
belt: Vesta and Ceres. Is Dawn the science fiction 
spacecraft that we have all been waiting for? 
“Dawn is the only spacecraft ever to orbit any 
ANOS Cece ue Me ube ulelalre De sU RB USO 
director, Dr Marc Rayman, tells All About Space. 
“Tt is truly an interplanetary spaceship!” But the 
mission has only been possible thanks to the 
remarkable ion engine on board the spacecraft. 
Ion engines have long been touted as the future of 
space travel, or at least an important part of it. They 
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~ Ceres tincovered 


Dawn's science objectives 


Study the early Solar System 
via Ceres and Vesta 


Understand the building 
blocks of terrestrial planets 


Study the internal structure of 
Ceres and Vesta 


Determine surface shape and 
cratering on both 


Measure the mass, gravity, and 
rotation of both asteroids 


Determine their thermal 
history and the shape of 
their cores 


Understand the role of water 
in asteroid evolution 


Test the theory that some 
meteorites on Earth came 
from Vesta 


Extensively map the surface of 
both worlds 


oy) 


a 





Ceres uncovered 


provide a small but regular amount of thrust over 
time, theoretically allowing a spacecraft to change 
its speed - and thus travel through space - more 
efficiently than the traditional, chemically-fuelled 
spacecraft used on previous missions. 

NASA first toyed with ion engines in 1998, with 
the launch of their Deep Space 1 vehicle, which 
flew past an asteroid and a comet. At the turn of 
the century, they then began considering a more 
ambitious mission, Dawn, which would not just 
fly past objects, but orbit them. On the brink of 
cancellation, the mission was saved in 2006 and 
ultimately launched on 27 September 2007. 

The goal of the mission, aside from showing off 
the impressive capabilities of ion engines, was to peer 
into the history of the Solar System by examining 
two large bodies in the asteroid belt: Vesta and Ceres. 
Both are considered protoplanets, objects not quite 
big enough to form fully-fledged planets, but possibly 
similar to the progenitors that gave rise to other 
worlds in our Solar System. And, compared to most 
other asteroids in the asteroid belt between Mars and 
Jupiter, they're pretty big. 

While most asteroids are less than one kilometre 
(0.62 miles) in size, Ceres has a diameter of 950 


Bright spots on 
Ceres had scientists 
baffled at first 


kilometres (590 miles). This led to it being reclassified 
as a dwarf planet in 2006. Vesta, meanwhile, is an 
impressive 525 kilometres (326 miles) across. “Ceres 
itself has about a third of the total mass between 
Mars and Jupiter,” says Rayman. “While Vesta has 
about eight per cent [of the mass]. So the Dawn 
spacecraft has single-handedly explored about 40 per 
cent of the mass contained in the asteroid belt.” 

Vesta itself was first discovered back in 1807; Ceres 
was slightly earlier, in 1801. Dawn's arrival in orbit at 
Vesta on 16 July 2011, and at Ceres later on, made it 
the first spacecraft to visit these bodies, some 200 
years after their discovery. To get to Vesta, Dawn 
was almost continuously firing its ion thrusters, 
something not possible for chemical spacecraft. To 
date, after almost nine years in space, Dawn has fired 
its ion thrusters for more than 5.5 years, setting a new 


about 40 
containe 


record for powered spacecraft flight. Before Dawn 
arrived at Vesta, our best guess at its appearance 
came from three-dimensional models that were 
created using data from the Hubble Space Telescope. 
Dawn, though, with its onboard cameras, was able 
to reveal stunning views of this grey, rocky world 
for the first time. Truth be told, it's perhaps not as 
exciting to look at as, say, the recently acquired New 
Horizons image of Pluto, but it’s still very interesting 
in its own right. 

Among its discoveries, Dawn revealed that Vesta 
more closely resembled terrestrial planets like Earth 
than other asteroids. Analysis also confirmed the 
theory that many meteorites on Earth originated 
from Vesta. We now know that we have more rock 
samples from Vesta than from the Moon, even 
accounting for the samples brought back by the 


“Dawn has single-handedly explored 
er cent of the mass 
in the asteroid belt” 





Dawn created this colour-coded topographic map of the 
Occator Crater on Ceres. Blue is low and brown is high 





The Occator Crater on Ceres contains some of the most 
famous bright spots, now believed to be salts 
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Launch date ' , rT © , 
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The Dawn spacecraftis : a ) 
launched on a Delta II rocket Seattle A oe : tore 
from Cape Canaveral, Florida. 7 ae  § : 
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17 February 2009 
DEV am ACM WTI enl amor ocd (ne 
(341mi) of Mars, gaining a 
gravitational boost to slingshot 
it towards the asteroid belt. 





Arrival at Vesta 

Ce iazer bt 
Dawn enters orbit around 
the large asteroid Vesta, at a 
distance of 188mn km (117mn 
TDM iceLme eee np 





Lowest Vesta orbit 

8 December 2011 

_ Dawn is moved to its lowest .« _ 
orbit around Vesta, mapping 
Re arlem OMA nme| 

~ just 210km (130mi). 





Departure from Vesta ANGE) 6] =) Lowest Ceres orbit Endof mission -_. Dawn stays at Cere 
+ 5 September 2012 6 March 2015 i 16 December 2015 30 June 2016 1July 2016 
PNiKo mR leer Aell Ae ele) Dawn enters orbit around meee PWN len se ice en etl Dawn's primary mission ends The proposal to send Dawn to 
to an issue with one of the Ceres, the largest object in the planned orbit around Ceres, and the spacecraft's scientists 145 Adeona was rejected by 
spacecraft's reaction wheels, asteroid belt, at three times descending to around 375km put together a proposal for a NASA. Instead, it will continute 
Dawn leaves its.orbit of Vesta. the Earth-Sun distance. . -  (233mi).above the surface. mission extension. to study Ceres. 
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Ceres uncovered 


On 9 June 2016, the Dawn 

team were presented with the 
National Aeronautic Association 
2015 Robert J Collier Trophy for 
the success of the mission 





After almost nine years in space, Dawn 
has fired its ion thrusters for more 
than 5.5 years, setting a new record for 
powered spacecraft flight” 





This composite image 
shows a flow of material 


| ot and outside of a 
| crater called Aelia on Vesta 





This layered crater lies inside Vesta's huge and 
fascinating Rheasilvia basin 
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Ahuna Mons, shown on the right, is the largest mountain 
on Ceres with a height of about 5km (3mi) 


Apollo missions. Another fascinating discovery was 

a large depression on Ceres, the Rheasilvia basin, 
formed by a giant impact in Vesta's past. It is more 
than 500 kilometres (310 miles) in diameter, and has 
a huge mountain at its centre twice the height of 
Mount Everest. The effects of the impact that formed 
it provide evidence that Vesta is indeed a protoplanet. 
“The energy of the impact reverberated through 
Vesta's interior and formed a vast network of canyons 
hundreds of kilometres away,” explains Rayman. “If 
Vesta were a huge chunk of rock, that would not have 
happened. The mechanism depends on Vesta having 
a core, a mantle, and a crust - like a planet!” 

On 5 September 2012, after more than a year 
orbiting Vesta, Dawn used its ion engine to escape its 
gravity and began a 2.5-year journey to Ceres, located 
slightly further out in the asteroid belt. It arrived on 6 
March 2015 and, with this being a few months before 
New Horizons’ arrival at Pluto, this made Dawn the 
first spacecraft to visit a dwarf planet. Being located 
further from the Sun has allowed Ceres to remain 
relatively wet and cool, compared to Vesta. 

Before Dawn's arrival, there was plenty of 
speculation that there may be evidence for a hidden 
subsurface ocean, similar to some of the icy moons 
of the outer Solar System, like Europa. That hasn't 
quite been the case so far, but Dawn did immediately 
spot something of interest on its approach: a large 
bright spot on the surface. As it got closer, it became 
apparent there was not just one bright spot, but 
hundreds, each much brighter than the surrounding 
grey surface. This had the public and scientists alike 
gripped. Theories ranged from ice frozen on the 
surface to cryovolcanoes, and some even suggested 
the bright spots were caused by salts left behind by 
evaporating ice. That latter theory has recently been 
proven to be correct. Subsurface ice makes its way 
to the surface, where it sublimates from an ice into a 
gas, leaving behind any salt that was dissolved in it. 

Dawn is continuing to orbit Ceres in its lowest 
planned orbit, 375 kilometres (233 miles) above the 
surface. The mission has been a huge success, with 
Dawn providing vast amounts of data that will be 
pored over for years. Indeed, the mission had been 
intended to map 80 per cent of Ceres, but more than 
99.9 per cent was ultimately mapped. On 30 June 
2016, this primary mission (visiting Vesta and Ceres) 
came to an end. Following this, there was a proposal 
on the table to send Dawn to an unprecedented third 
object, a 150-kilometre (93-mile) wide asteroid called 
145 Adeona in the asteroid belt. This was possible 
thanks to its engines still having a significant amount 
of xenon fuel left, with a planned flyby of the asteroid 
considered for May 2019. 

However, at the start of July 2016 NASA decided 
not to push ahead with this proposal, and instead 
will keep Dawn in a parking orbit above Ceres. One 
reason for doing this is that Ceres will soon come 
closer to the Sun, giving scientists a glimpse at 
changing surface conditions as the object heats up. 
Some, though, will no doubt be disappointed that 
it wasn't sent on a brand new mission. But even 
without this third destination, Dawn has been a 
hugely fruitful mission. In an age of reusable rockets 
and space tourism, this multi-planetary spacecraft 
is another example of how science fiction is very 
quickly becoming science fact. 
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Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who 1s readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 


Courses available for enrolment all year round. 
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FAST telescope 





The single largest astronomical instrument ever 

built - a vast radio telescope dish - has just been 
~~ completed in China. The Five-hundred-meter 
| Aperture Spherical Telescope (FAST - or “Tianyan’ 
in Chinese) is located inside a karst depression 
in the country's Guizhou province. However, the 
telescope’s name is a bit of a misnomer as the dish is 
actually 520 metres (1,706 feet) in diameter. 

In an age where a continent-spanning radio 
telescope network called the Square Kilometre 
Array (SKA - the largest such network ever built) 
will become operational in the next decade, why 
build a large, single dish like FAST? “Single dishes 
and arrays have their own advantages,” says chief 
scientist Professor Nan Rendong of the National 
Astronomical Observatories, which is part of the 
Chinese Academy of Sciences. “Most of the great 
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er tat flexibility. Arrays are good for following 
up [results] due to their high resolution,” he says. 
Since its completion, FAST has been in a ‘debugging’ 
mode, with observing operations expected to begin 
in September 2016. The super telescope’s science 
programme includes observations of pulsars, 
quasars, supernovae, primordial stars, neutral 
hydrogen, distant galaxies, the Milky Way and even 
--asearch for alien civilisations. 
a From above, FAST looks remarkably like its 
5 "smaller, 53-year-old sibling (and previous world 
record-holder for the largest radio dish), the Arecibo 
Radio Telescope in Puerto Rico. Like FAST, the 305- 
metre (1,000-foot) diameter Arecibo dish was built 
inside a karst depression. Tianyan however, will be 
three times as sensitive as Arecibo, work up to ten- 
times faster and be able to survey two to three-times 
more of the sky. 

But Arecibo’s primary reflector - like FAST's - is 
fixed in place looking straight up, unable to move 
because of its enormous size. Therefore, the title of 
world’s largest, steerable radio telescope is jointly 
held by the Effelsberg 100-metre Radio Telescope 
built in 1971 in North Rhine-Westphalia, Germany, 
and the 100-metre (328-foot) Robert C Byrd Green 
Bank Telescope, built in 2000 in West Virginia, 

US. Engineering-wise it is currently unfeasible to 
build larger, steerable dishes, but while Arecibo’s 
Stationary dish necessarily has a fixed shape, FAST 
has a sophisticated ability to help it overcome its 
own immobility: it can change its shape. 

Like the Arecibo dish, FAST’s primary reflector 
is made of aluminium panels, which are perforated 
to let rainwater through. Arecibo’s dish is made of 
38,778 individual panels, each about one by two 
metres (3.3 by 6.6 foot) in size, while the larger FAST 
dish is composed of just 4,450 triangular panels 
of 11. metres (36.1 foot) in length per side, each on 
supporting truss frames, plus an additional 177 

specially-shaped panels. Together, the panels form 
an upturned geodesic dome and a mesh lies above 
the dish, supported by a large, annular truss frame 
- nearly 1.6 kilometres (0.9 miles) in circumference 
- that encircles the dish. Adaptive connectors 

will join the hinges between the panels to nodes 
in the overlying mesh and each of these will be 
individually connected to a robotic, computer- 
controlled actuator. There are 2,300 of these 
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FAST telescope 


actuators in total, encircling the truss annulus, which 
will work together in unison to pull on the panels in 
precise ways and change the shape of the dish, as it 
is needed. The actuators will form the panels into a 
parabola - the ideal shape for forming incoming radio 
signals into a perfect, singular focus. As Dr George 
Hobbs of the Commonwealth Scientific Industrial 
Research Organisation (CSIRO) says, “The surface 

is spherical, which makes it complicated to record 
signals. Deforming the surface to form a parabola 
simplifies the receiver system.” Unfortunately, there's 
a sacrifice for using FAST in this way as only a 300- 
metre (984-foot) wide area of the dish can be used 

at any one time. This means that although FAST's 
absolute size is larger, its effective aperture size is 
limited to 300 metres (984 feet). 


However, when scientists form such parabolic 
‘sub-dishes’ they will be able to use any part of the 
reflector surface. So although FAST's dish is fixed in 
place, it's not limited to viewing only what's directly 
above it. Surface deformation will give FAST a wider 
field of view of the sky (40 degrees either side of its 
zenith - which is twice that of Arecibo) than it would 
have otherwise and a large part of the ‘debugging’ 
phase involves ensuring that surface deformation 
is accurate. Scientists will use lasers shining off 
reflective points between the hinged panels to 
determine surface precision. But once science 
operations are underway, where will the signals from 
space be focused onto? 

Six pylons holding up steel cables will suspend 
a receiver cabin, which will hold the sensitive 


"FAST has a sophisticated ability to help 


it overcome its own immobility: 


change its shape” 






The FAST dish is supported by a large annular truss 
frame that is nearly 1.6km (0.9mi) in circumference 


Radio dishes go large 


Bigger is better when it comes to radio 


telescopes, as you can detect weaker signals 


Lovell Telescope 

Where in the world: Cheshire, UK 
Scientific objectives: 

Galactic and extra-galactic 

radio surveys, observations of 
Gegenshein, aurorae, quasars, 
masers, HI, gravitational lensing 


Effelsberg 


Scientific objectives: 


The Lovell Telescope was the world's 


Where in the world: 
Rhine-Westphalia, Germany 


The Effelsberg Radio Telescope is 
owned and operated by the Max- 
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FAST has 4,450 triangular panels of 11m (36.1ft) in length 
per side, plus an additional 177 specially-shaped panels 


Arecibo 

Where in the world: Arecibo, 
Puerto Rico 

Scientific objectives: 

Study of planets and asteroids, 
pulsar detection, Earth's 
atmosphere, detection of prebiotic 
molecules, SETI 





North 


Observe pulsars, star formation, 
black hole jets and galactic nuclei 


Designed by William E 
Gordon of the Cornell 
University, New York, 


first fully steerable dish when Planck Institute ; 
completed in 1957 Arecibo was created to 
study Earth's atmosphere 
——— ————I —_—_—_—_—_—__a i 
76m (250ft) 100m (328ft) 305m (1,000ft) 
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instruments (nine in total), 140 metres (459 foot) 
above the centre of the dish and weak signals from 
the cosmos will be focused here. The cables will 
allow scientists to move the instruments robotically 
and independently of the dish into optimal locations. 
One of the main instruments being constructed 
by CSIRO at the time of writing is the 19-beam 
(‘multi-beam’) hydrogen line receiver - similar to 
their 13-beam receiver at Australia’s Parkes Telescope 
- which will be used for detailed neutral hydrogen 
surveys. Although FAST will be able to detect over 
a dozen different molecules in the depths of space, 
neutral hydrogen - or HI - is hugely important for 
astronomy and cosmology. Atomic, neutral hydrogen 
gas is the most abundant element in the universe 
and makes up the bulk of stars, as well as gas 
planets like Jupiter and Saturn, and it's also the main 
constituent of the Interstellar Medium. 

Mapping HI regions in our galaxy will allow 
better determinations of the structure of the Milky 
Way’s spiral arms. At greater distances (millions to 
billions of light years) the large-scale structure of the 
universe is further revealed and disruptions in the 
gas can show collisions between galaxies. Large-scale 
neutral hydrogen surveys with FAST may help to 
unveil clues about galaxy formation and evolution 
in the universe (something not entirely understood 
at present) and also be useful in supporting dark 
matter and dark energy surveys. Neutral hydrogen 
gives off radio signals at a very specific wavelength: 
21 centimetres (8.3 inches), which is in the UHF or 
L-band. Rendong says, “The field of view for the 
L-band is around three arcminutes, and with the 
multi-beam instrument it will be 19-times larger.” 

Hobbs adds, “Traditionally, radio telescopes have 
a ‘single-pixel’ receiver. Clearly you can do a better 
job with more pixels and the FAST system has 19 
[detectors], which allows astronomers to survey the 
sky 19-times faster.” This is important if you want 
to survey large areas of the sky or study extended 
objects (like nearby galaxies). And although SKA will 
eventually trump FAST for hydrogen surveys in the 
next couple of decades, that large, single dish is better 


FAST 


Where in the world: Guizhou, China 
Scientific objectives: HI surveys, 
pulsar detections, discovering first 
stars, exoplanetary science, SETI 


FAST, the world's largest radio 
telescope, is one of China's five big 
infrastructure projects 
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520m (1,706ft) 
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_ Annulus and pylons” 

_ These are FAST's supporting 

structures. The annulus holds the i , 

mesh and the actuator’s cables in =e = OS NT my 
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dish's panels. Robotically actuated 

cables then pull on these nodes 

to change the dish's shape. 
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’) Dawodang depression 
This naturally-shaped 
depression is known as a karst; 
it is made by rainwater's action 
on soft rock. Dawodang'’s size, 
shape and location made it ideal 
for the construction of FAST. 
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FAST telescope 


t will FAST 


> With its enormous aperture, ‘Tianyan 
0: will uncover many facets gi our cosmos 





































































er Look for pulsating stars in our galaxy . \ J Find the universe's first stars 
} _ Pulsars are neutron stars, which are the highly compressed . When did the first stars form? After the universe's , 
cores of dead stars (between 10 to 29 solar masses). All ‘creation it was in an incredibly hot and dense state 4 
neutron stars start out spinning rapidly and emit “for 380,000 years. Its expansion allowed it to cool 


tightly focused radio beams from their magnetic enough for subatomic particles, and then atoms 


poles. The ones whose beams we can see from of primordial hydrogen, helium and lithium 
Earth are called pulsars. These objects to form. Cosmologists think that the first 
produce very precisely timed pulses ‘ \, stars formed a few tens to hundreds of 


million years after that, but when? 
The early universe was choked 
with gas, so the light from 
the first stars would be 
shrouded. But that's not 
a problem for radio 
™ waves and FAST 
fem could discover 
% these first 
stars. 


(from milliseconds to seconds) as 
they rotate, making them easily 
identifiable. But their signals 
can also be very weak, 
which is where a large, 
sensitive facility 

is useful. FAST 

hopes to find 

4,000 new 
pulsars. 














, Survey the Milky Way and other galaxies 


_ Neutral hydrogen (or HI) in the universe gives off an easily 
detectable, but weak, radio signal. FAST’s large dish size, 
combined with the sensitivity of its instruments, will 
be crucial in mapping HI regions in our galaxy 
as never seen before. In the Milky Way, FAST 
could make better determinations of the 
structure of the spiral arms. For other 
galaxies, lying millions to billions 
of light years away, disruptions 
in the gas could be a sign 
of galactic collisions and 
reveal something about 
galaxy evolution - 
which is still a 
fevered area of 
research. 


\a Hunt for extraterrestrial life 

__ The Search for Extraterrestrial Intelligence (SETI) is 
\ a worldwide endeavour to find signs of advanced 
civilisations in other solar systems via radio signals. 
Just as radio transmissions from Earth propagate 
outwards through space, so it is expected of 
any alien species that has mastered the 
same technology. Artificial radio signals 

are distinct from naturally occurring 

ones and radio telescopes around 

the world have been used to 

try and find them. FAST 

will broaden this search 

by spotting weaker 

signals - if they're 

even out there 

at all! 


v Detect dark energy 
Y Dark energy is a phenomenon that appears to be 
‘ accelerating the expansion of the universe. FAST 
could enable dark energy research via two 
methods. The first involves surveying the large- 
scale structure by looking at distributions of 
neutral hydrogen and comparing it with 
the cosmic microwave background 
radiation. This would complement 
optical surveys. And the second 
method involves discovering 
up to 10 million galaxies 
and determining their 
redshifts to use as 
tracers of the 
large-scale 
structure. 





How to build a giant radio telescope 
From start to finish, building the largest radio telescope in the world is no mean feat 





DSS. as 
Proposal for a new telescope Groundbreaking and foundations Work begins 
The FAST project was first proposed in 1994 and A groundbreaking ceremony to begin laying the Between 2009 and 2011 flood drainage channels 
was approved by the Chinese government in 2007. foundations was held on Boxing Day 2008 and was and a spiral utility road were installed in the karst 
It took 14 years to find the ideal location: a karst attended by builders and engineers, local dignitaries valley. Because of Dawodang's shape, required earth 
depression named Dawodang. and academics. removal was reduced by a massive 98 per cent. 
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suited for other kinds of observations. Rendong says, 
“Arrays like SKA are very effective for HI surveys 
but single dishes are more convenient for pulsars.” 
Pulsars are neutron stars whose radio beacons sweep 
past our line of sight from Earth. But their signals 
are quite weak, which is where a large collecting dish 
comes into its own. As Hobbs says, “With an array 
it's really computationally challenging to combine 
all the data, whereas single dishes are much easier 
for pulsars.” Pulsars are Hobbs’ specialism and he's 
confident that FAST will discover the first-ever extra- 
galactic pulsars - most likely in the Andromeda 
Galaxy, which is 2 million light years away from us. 
Pulsars are also brighter in longer wavelengths. 
However, the Interstellar Medium increasingly 
affects signals at those frequencies. “If you want to 
maximise your science then you have to observe 
over the entire wavelength range, and that’s what the 
FAST group is doing,” says Hobbs. Such work will be 
hugely important for accurately measuring pulsation 
times, as that will be used to try and find ultra-low- 


FAST is currently in a 
‘debugging’ mode and is 
expected to begin observing 
the sky in September 2016 





Construction of the telescope itself and its support 
structures began in March 2011. This included the dish's 
panels, the annulus and all of the instrument cabin's 
support pylons. 
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frequency gravitational waves, which are predicted 
by Einstein's theory of general relativity. This will 
provide another method for studying gravitational 
waves, which were first discovered by the Laser 
Interferometer Gravitational Wave Observatory on 11 
February 2016, and for which the pioneers have been 
nominated for the Nobel Prize in Physics. 

With its exceptional sensitivity, FAST could 
also discover exoplanets, which today are found 
using optical methods such as photometry and 
spectroscopy. Planets such as Jupiter emit radio 
waves generated by ionised gas (mostly from the 
solar wind) spiralling down into the poles of their 
magnetospheres. The FAST telescope could detect 
such transmissions from Jupiter-type exoplanets, 





Completion 

The installation of the final panel on 3 July 2016 
marked the structure's completion on budget and on 
time. A ceremony was held, attended by international 
journalists, dignitaries, engineers and academics. 


FAST telescope 








‘I'm confident that FAST will 
discover the first-ever extra- 
galactic PUILSATS" pr ceorge Hobbs, csIRO 


opening up a new area of exoplanetary science. But 
FAST’s planetary ambitions don't just stop there. 

FAST will help in the Search for Extraterrestrial 
Intelligence (SETI) by looking for possible radio 
signals emitted by advanced alien civilisations out 
to 1,000 light years from our Solar System. A telling 
feature of artificial radio signals is their narrow 
bandwidth and that's something that SETT looks for. 
High-profile facilities such as the Arecibo telescope 
and the 76.2-metre (250-foot) Lovell dish at Jodrell 
Bank, Cheshire, are intermittently used for such 
searches. However, FAST's sensitivity and impressive 
sky coverage would supersede such previous efforts. 
It seems whatever aspect of radio astronomy you 
look at, FAST’s abilities will be unrivalled. 


FAST will attempt 
to make contact 
with alien life 
that could inhabit 
Earth-like planets 


Creating a radio-quiet zone 

Almost 9,000 people had to be relocated to 
create a 5km (3.1-mi) wide ‘radio-quiet zone’. Each 
person received 12,000 yuan (around £1,360) in 
compensation from the Chinese government. 
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How do black 
holes reveal 
their location? 


Andrew Kamp 

Black holes cannot be seen, but their 
effects can reveal their presence. In 
the constellation of Cygnus, a blue 
supergiant is being pulled into a 
teardrop shape, causing its light to 
flicker. It completes an orbit every 5.6 
days, and as it turns, hydrogen gas 

is stripped from its surface at speeds 
of 1,500 kilometres (932 miles) per 
second. The star is locked in a fatal 
dance with a black hole - Cygnus 

X-1 - and as the black hole spins, dust 
and gas from the star accumulate in 
a vast swirling whirlpool. Particles 
Spiral towards the event horizon, like 
water circling a drain, and as they fall 
inwards the friction releases bright 
flares and flashes of X-ray light. SA 
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Above is a dark cloud from the Gould 
Belt, found in the constellations of 
Serpens Cauda and Aquila 


What is the 
Gould Belt? 


Sean Druitt 

All around the Solar System is 

a giant loop of stars and star 
formations in the ghostly shape of 
nebulae. Scientists think that this 
ring - which is 3,000 light years 
across and called the Gould Belt 

- was created when dark matter 

fell onto the Milky Way around 30 
million years ago and collided with 
a giant cloud of molecular hydrogen 
gas. The impact caused the Milky 
Way to see more stars, literally, 

as the gas then collapsed and hot 
stellar infants were formed. Ripples 
spread out from the epicentre of the 
collision and we see one of those 
ripples today - in the form of the 
Gould Belt. JB 
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How did the Apollo 13 crew overcome 
the explosion of their fuel tanks? 


Lift-off 


Upon lift-off in 1970, 
Apollo 13 is the third 
manned mission to 
the lunar surface. The 
crew plan to explore 
the Fra Mauro region 
on the nearside of 
the Moon. 
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Return home 


Apollo 13 re-enters the 
atmosphere almost four 
days after the explosion, 
carrying the exhausted [7 
crew to a gentle ocean 
splashdown. 
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Television 
transmission 


Shortly before the 
explosion, the crew 
take part in a live 
broadcast back to 
Earth, which is watched 
from the ground by 
UST ooe 


Powering on 


Mike Lockwood 


“Houston, we've 
had.a problem" 


After the broadcast, the 
crew stir the oxygen 
tanks, which triggers an 
explosion in the support 
module, venting their 
oxygen supply and taking 
the fuel cells offline. 
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Assessing the 
eran xs 


The command module is 
brought back online shortly 
Dyke) = MUNRO Ks)" K=len| 
Earth, and both the service 
module and the lunar 
module are jettisoned. 


The damaged service 
module is released into 
space and the crew are able 
to view the extent of the 
explosion for the first time. 


Why do Venus and Uranus 
have strange spins? 


Thomas Winston 

It's something that we're still 
attempting to find out. When our 
Solar System was made from the 
swirling pancake of gas and dust 
that would later clump together to 
make the planets, this industrious 
construction yard in space threw the 
planets on a counterclockwise orbit 
and an axial spin. 

Venus might follow suit in its orbit, 
but its rotation is opposite to the 
other planets at 177 degrees. It prefers 
to rotate in a clockwise direction. 
Further out rests Uranus, which was 


probably impacted by a number of 
other bodies in the early Solar System, 
causing it to be thrown onto its side 
so that it rolls, rather than spins, 


around the Sun. 


In the case of Venus, it’s possible 
that it might have absorbed another 
body, causing it to have more mass, 
resulting in a greater speed and 
seriously altering its rotation into 
a retrograde direction. Smash-up 
collisions in the early years of the 
Solar System seem to have been quite 
common, which is why the same 
could have happened to Uranus. JB 








To the lifeboat Emergency 

| correction 
ANB dates 

oxygen dwindles, the 

crew abandon the 

} command module and 

SORT 118 

| of the lunar module, 

! which has its own 

| separate supplies. 


BU nteKen=\) A=) (ce biK= 
the first engine 
burn to swing 
Apollo 13 around 
the Moon and 
pyle Me emiecM nel ei n= 
towards the Earth. 


= =— — 
LI 
ll 


a 
ET 
te 
et Toe 


a 
= 
= 





Running repairs 


After just a day and a half in 
the module, carbon dioxide 
levels become dangerously 
high, and mission control 
has to invent a quick fix to 
replace the filters. 
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How do 
astronauts make 
coffee in space? 


Adam Duguid 
It's quite a complex task, but that 
hasn't put off the Italian Space 
Agency, who has teamed up with 
space food engineering company 
Argotec and coffee giant Lavazza to 
make a machine that could be used 
in microgravity. The project, named 
ISSpresso, ran for about 18 months. 
Water at high temperatures and 
pressures is difficult to manage in 
space, So it was a Serious engineering 
challenge. Plastics were replaced with 
steel tubing capable of withstanding 
pressures of up to 400 bar (5,800 
pounds per square inch) - for 
comparison, the pressure on Earth is 
one bar (14.5 pounds per square inch) 
- and it weighed a hefty 25 kilograms 
(55 pounds). The ISSpresso machine 
works in a similar way to Earth-based 
coffee machines, and even uses 
Lavazza coffee capsules. It can also 
make tea within three minutes! SA 
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», You may be surprised to nga that it 


doesn’t - many picture the aurora to 
be a vivid green arc or curtain of light 
that is so bright that it reflects on the 
lakes and rivers it dances above. The 
abide ismdsr-land elo cae) ma ebbn roam tow lemer-l ay 
much paler and fainter than we are so 
used to seeing in photographs. 
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The first astronaut to enjoy 
freshly made coffee in space 
was Samantha Cristoforetti, 
who flew to the ISS in 2014 


wa ay ae te dancing of the 
Pr oetaen a BTA nl ecm eyelet ae mince) p12 

ks el eolterties you see in pictures 
are actually achieved by raat 
photographer, and more specifically 
the camera they are using. It’s true 
that the colours are real, but the 
moment a camera's shutter opens, 
light gathers onto a sensor that’s 


The bold colours of the 
Northern Lights seen 
in photographs are 
much fainter and paler 
with the naked eye 


al to 5 the naked eye? 


ees Peek e Renae 


meee veya! cereleach = eT el 1 ot red 
* _ or purple aurora that you see j ay Oks 
‘ and on websites. However, that's not 
to say that you won't see any colours. 
While it's more common to see a pale, 
colourless, aurora in the northern 
sky, some have reported seeing slight 
tinges of green or hints of pink. SA 
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Discovered in 2014, HV 2112 is 
formed of one star packed inside 
the larger shell of another 


Can stars grow 
inside one another? 


Markus Smith 

According to physicist Kip Thorne 
and astronomer Anna Zytkow, 

stars can grow inside one another. 
Thorne-Zytkow Objects (TZOs), also 
known as hybrid stars, are strange 
objects where one star is packed 
inside the larger shell of another. It’s 
thought that TZOs are made when 
a dense, small and dead star - such 
as a neutron star - is swallowed by a 
larger dying red giant. 

TZOs were regarded as 
hypothetical when they were 
proposed in the 1970s; the first 
candidate for such a hybrid 
star - named HV 2112 - was only 
discovered in 2014. It lies in the 
Small Magellanic Cloud, about 
200,000 light years away. JB 











Brera 


Liam Mckénna 


story, The Brick Moon, written in 1869 by American 
author Edward Everett Hale. It is also thought to 
be the first description of an artificial satellite, and 
satellite navigation, as a 61-metre (200-foot) wide 
brick sphere is launched into orbit as a navigational 
aid. However, Russian scientist Konstantin 
Tsiolkovsky carried out the first scientific work on 
Space stations in the early 20th century. Slovenian 
scientist Herman Poto¢énik then put forward the 
- “classic rotating ring-shaped design in his 1929 book 
The Problem Of Space Travel. Ultimately, it would be 
the USSR that launched the first real space station, 
which was Salyut 1 in 1971. 

The Salyut programme grew out of studies from 
the’1960s for military reconnaissance stations called 
Almaz; they gained new priority when the US beat 
the USSR to the Moon and the Soviet programme 
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Ce ee between 1971 and 1986, though only six succeeded 


in being occupied. These were all monolithic 

ESC once lomdecimency a i(oce- Rotel Bote cimneestce 
on one rocket and all were occupied for less than a 
year. The addition of a second docking port to the 
design for Salyuts 6 and 7 meant crews could 
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The first description of a space station came in a short 


searched for a new focus. Nine Salyuts were launched 
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AUR ee SSuIn inl largest and best-known space St eel oy not the first or the last in space 


hand over, leading to the first Serene eNom ia] 
SGM PANSY AMCBATRSIE Ser eR el ation, Skylab, was built 


from Apollo mission hardware and launched on the , 
last Saturn 5 in 1973. Three missions over 1973'and ».*” monolithic station Tiangong 1 was launched into 
1974 saw it occupied for 171 days by nine astronauts., 


over the three different crews. After the end of the ' 
main project, the station remained in orbit and it 
was considered that the Shuttle Programme might 
reactivate it; but it re-entered Earth's atmosphere 
earlier than expected in 1979. 

The first large-scale modular space station, which 
was constructed over the course of several launches, 
was the Soviet, then Russian, Mir (Peace) station. 


First started in 1986, the last module arrived in 1996, 


completing a seven module, 129-tonne space station 
that was occupied for 4,592 days and visited by 
104 people from 12 nations; including Britain's first 
spaceflight participant, Helen Sharman. The end of 
the Soviet Union brought the American and Russian 
programmes together and the Shuttle flew missions 
to Mir from 1995 until 1998, paving the way for the 
International Space Station (ISS) programme. 

The first parts of the ISS were launched in 1998 


and it has been continuously occupied since the first 


crew arrived in October 2000. It is the Seer oa 
cooperation between NASA, ers ce Ee) A, JAXA 
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TBO a BT s ere Space Agency, and is expected to 


orbit in 2011. Although it is not currently occupied b: 
astronauts, three-person Shenzou missions be 
ete station in both 2012 and 2013. 


2022, and Russia is looking to build a 
new national station, constructed using — 
Russian components of the ISS once 
it is decomissioned. But the US is 
charting new territory with the likely 
deployment of wo built 
Bigelow inflatable space static 
(based on the BEAM ats al 
attached to the ISS) before 
the year 2020. RH 
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In this issue... 


TEL eee Ue aes 
Meteor showers, oppositions 
and an annular solar eclipse 
make great targets this month 


Deep sky challenge 


As the skies get darker and the 


nights get longer, there is plenty 


to see beyond the Solar System 


oe 


This month's 


ed Tate) cy 
Mars and Saturn.are readily 
observable in late summer 


How to hunt 
for an asteroid 


Catch sight of asteroid 2 Pallas, 


which is at its best in August 


Moon tour 


View Eratosthenes this month, 


an impressive asteroid impact 
in the lunar mountains 


The Northern 
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Galaxies and globular star 
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naked eye targets 
Night skies of August and 
September are full of wonders 
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Telescope 
The best of your 
astrophotography images 


Get the best views 


of Neptune 
Turn your telescope to the ice 
giant in Aquarius this month 


In the Shops 
We review a spotting scope, 
planetarium software and 
coloured filters this issue 
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An annular 
Asteroid solar i 
2 Pallas is visible from 
AUG reaches SEP Madagascar 
me opposition and parts of 
®\ — in Equuleus central Africa 
Comet 
C/2011 KP36 
SEP (Spacewatch) 
reaches its 
<j brightest, at 
magnitude 


3 /\\ j +11.9, in Cetus 


‘> Naked eye 
The Piscid &® Binoculars 
meteor 
SEP shower Small telescope 
reaches its 
peak of ten | , 
) meteors Medium telescope 
per hour 


A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 
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‘+ Large telescope 


This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
on a numbered scale. The lower the number, the 
brighter the object will be. So, a magnitude of -1 is 
brighter than an object with a magnitude of +2. 


When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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Date 


18 Aug 
25 Aug 
O1Sep 
O08 Sep 
15 Sep 


18 Aug 
25 Aug 
O1Sep 
O08 Sep 
15 Sep 


18 Aug 
25 Aug 
O1Sep 
O08 Sep 
15 Sep 


18 Aug 
25 Aug 
O1Sep 
O08 Sep 
15 Sep 


18 Aug 
25 Aug 
O01Sep 
O08 Sep 
15 Sep 


|What's in the sky? Nn 


Canes Venatici 


| Coma Berenices 


Centaurus 


RA 


11h 29m 23s 
11h 45m 27s 
11h 48m 41s 
11h 35m 42s 
11h 12m 54s 


11h 06m 43s 
11h 38m 14s 
12h 09m 27s 
12h 40m 35s 
13h 11m 53s 


16h 15m 59s 
16h 31m 18s 
16h 47m 52s 
17h 05m 33s 
17h 24m 12s 


11h 43m 49s 
11h 49m Ols 
11h 54m 20s 
11h 59m 46s 
12h 05m 15s 


16h 32m 36s 
16h 32m 58s 
16h 33m 40s 
16h 34m 42s 
16h 36m O3s 





Dec 


+00°59' 05" 


-O2° 02'13" 
-03° 21 06" 
-O1° 59" 12" 

+01°57'47" 


+07° 11 51" 
+03° 42°13" 


+00° 07'13" 


-03° 29° 05" 
-O7° Q2' 35" 


-24° 09'17" 
-24° 41°16" 

-25° 09' 12" 
-25° 31 36" 
-25° 47 O1" 


+Q2°57' 35" 
+Q2° 23' 25" 


+01° 48" 30" 


+01° 13' 03" 
+00° 37°14" 


-20° 18' 34" 
-20° 20' 54" 
-20° 23'54" 
-20° 27° 32" 
-20° 31°45" 


¢ 
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Constellation Mag 


Leo 
Virgo 
Virgo 
Leo 
Leo 


Leo 

Virgo 
Virgo 
Virgo 
Virgo 


Scorpius 
Ophiuchus 
Scorpius 
Ophiuchus 
Ophiuchus 


Virgo 
Virgo 
Virgo 
Virgo 
Virgo 


Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 


——~ The Sun 
em ce0 la’, 


+0.4 
+0.7 
2 

+3.4 
+4.4 


-3.9 
-3.9 
-3.9 
-3.9 
-3.9 


-0.5 
-0.4 
-0.3 
-0.2 
-01] 


“1.7 
-1.7 
-l.7 
-1.7 
-1.7 


+0.4 
+0.4 
+0.4 
+0.5 
+0.5 


All rise and set times are given in BST 


Rise 
08:31 
08:35 
08:17 
07:30 
06:20 


07:37 
07:59 
08:21 
08:42 
09:04 


15:38 
15:30 
15:22 
15:15 

15:08 


08:36 
08:16 
07:57 
07:38 
07:19 


15:29 
15:02 
14:36 
14:09 
13:44 


Set 


20:49 
20:22 
19:51 
19:17 
18:47 


20:58 
20:44 
20:29 
20:15 

20:00 


23:13 
22:57 
22:43 
22:30 
22:19 


21:13 
20:48 
20:23 
19:58 
19:32 


23:56 
23:28 
23:01 

22:34 
22:08 
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This month's planets 


Of the Solar System's five bright naked eye planets, Mars and Saturn are 





Right Ascension: 16h 31m 18s 
Declination: -24° 41' 16" 
Constellation: Scorpius 


Magnitude: -0.9 
Direction: Southwest 


Seas 


While Mars is this issue's featured 
planet, it’s hardly showing at its 

best, which goes to show what slim 
pickings there are for observing the 
five brightest planets during this late 
summer period. Mars continues to sink 
ever deeper into the evening twilight 
as its brightness and apparent angular 


diameter gradually diminish. 

On 25 August, the Red Planet will 
be just four degrees south of Saturn 
(which shines at magnitude +04); it is 
best to attempt to view this conjunction 
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, eye 


20:00 BST on 25 August 


initially through binoculars, and from 
around 10pm onwards. Mars will be 
eight degrees above the southwestern 
horizon at this time and through a 
telescope it presents an 85 per cent 
gibbous disc just 11 arcseconds across 
- making it around the same apparent 
dimensions as Venus, though the Red 


Planet will be considerably less brilliant. 


Mars remains at a frustratingly 
low altitude above the southwestern 
horizon in the evening skies as they 
begin to darken, so you'll need a 


reasonably clear horizon to see it at 
all, let alone observe it in any detail 
through a telescope. 

Under really good viewing 
conditions, a small telescope at high 
magnification will reveal a number 
of dusky patches and lighter spots on 
the planet’s surface, and it may well 
be possible to reconcile these surface 
features with a map of the planet, 
particularly if you are using an accurate 
representation from a computer 
planetarium programme. 








the most easily observable objects in the skies during late summer 


Planet of the month ~~ 





Serpens : 





For example, one of Mars’ largest and 
most prominent dark surface features - 
a large, V-shaped tract known as Syrtis 
Major - will be visible for observation 
on each evening throughout the latter 
part of August. 

However, by 15 September the bright 
volcanic region of Tharsis has rotated 
into view - but don't hold your breath 
on being able to glimpse any of the 
three towering volcanoes themselves, 
which are known as Ascraeus Mons, 
Pavonis Mons and Arsia Mons. 
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Right Ascension: 16h 36m O3s 
Declination: -20° 31' 45" 
Constellation: Ophiuchus 
Magnitude: +1.1 

Direction: Southwest 


Located far south in Ophiuchus, 
Saturn is six degrees north of the 


bright red star Antares (Alpha Scorpii, 


magnitude +1.0). Mars passes south 
of Saturn during the late summer, 
the pair reaching conjunction on 25 
August. By 15 September, Mars is 12 
degrees east of Saturn. Despite its 
| low altitude, Saturn remains quite a 
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sight through a telescope under good 
conditions. The planet's famous ring 
system is wide open (their north 

face turned towards us); the Cassini 
Division, separating the A and B 
Rings, can be resolved through small 
telescopes, as can the shadow of the 
globe on the far side of the rings. 

Due to the planet's unfavourable 
altitude, you won't see too much in 
terms of atmospheric detail, although 
it will be possible to glimpse the dusky 
North Equatorial Belt and North Polar 
Region under suitable conditions. 


| during the late summer, between 


This month's planets nN 


2 Right Ascension: 11h 47m 11s 
Declination: +O2° 41' 10" 
Constellation: Virgo 
Magnitude: -4.0 


Ursa Major 
. Direction: West (evening) 


Venus is an early evening object that is gradually 
pulling further east of the Sun. A reasonable point to 
attempt a first glimpse of Venus (at magnitude -3.9) 
is on the evening of 27 August when it's in very close 
proximity to Jupiter (at magnitude -1.7). This will not 
be an easy conjunction to view, as this close planetary 
. pairing takes place just six degrees above the western 
Aiea horizon after 8pm BST, so be careful when viewing. 
Although it’s pulling ever further from the Sun, 
Venus remains persistently close to the western 
horizon, embedded in the twilight zone. By 15 
September the planet is 11.4 arcminutes across and 
its 89 per cent illuminated phase will be easy to see 
through a telescope at medium-to-high magnification. 


Right Ascension: 11h 50m 32s 
Declination: +02° 13' 30" 
Constellation: Virgo 
Magnitude: -1.7 

Direction: West (evening) 


Jupiter is located too near to the Sun during this 
period to be observed. On 27 August the planet will 
be very close to Venus in the evening, although this 
will be a challenge for even experienced observers. 


va 


Canes Venatici’ 





18 August and 15 September. Prior 

to 12 September (when Mercury is 

at inferior conjunction), the planet 

is located just east of the Sun in the 
Warm evening skies. But shortly after 
this date it heads west of the Sun; 
however, its observable appearance in 
the morning skies must wait until the 
latter half of September. 


Right Ascension: 11h 22m 40s 
Declination: +O0° 04' 50" 
Constellation: Leo 

Magnitude: +1.3 

Direction: East (but the planet is 
unobservable) 


The innermost planet, Mercury, is far 
too close to the Sun to be observed 
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Mid-sized, yet impressive, make y 


the most of this well-defined 
asteroid impact that's set 
among the lunar mountains 


poe ato). 


On the morning 

of 26 August, the 
LODecDencceeebier-lcoymls 
encroaching upon the 
Eratosthenes crater, 
making for a splendid 
sight. A Moon filter 
will improve contrast, 
toning down any glare 
that often washes out 
intricate features of the 
ober basilar cece 


Eratosthenes is a 59-kilometre (37-mile) 
wide crater located at the western 
end of the majestic curved sweep 
of the lunar Apennine Mountains 
(Montes Apenninus) on the southern 
shore of Mare Imbrium (Sea of Rains). 
This magnificent crater, set among a 
splendid mountain backdrop, is often 
overlooked by virtue of its proximity 
to the larger crater Copernicus, which 
lies less than 300 kilometres (186 
miles) to the southwest of Eratosthenes 
and is often visible at the same time. 
However, Eratosthenes itself is such a 
spectacular feature when illuminated 
by a morning or evening Sun that its 
rugged topography is delightful through 
a mid-to-high magnification. 
Eratosthenes is a typical mid-sized 
lunar impact crater, and its prominence 
is accentuated by its startling position 
at the southern end of the lunar 
Apennine Mountains. Formed by an 
asteroid collision that took place less 
than 2 billion years ago, Eratosthenes is 


around 1 billion years older than its near- 


neighbour Copernicus. 
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As Eratosthenes first becomes 
illuminated by an early morning Sun 
(usually around a day after first quarter 
phase) the magnificent mountain arc 
preceding it forms a beautiful frame to 
the southern margin of Mare Imbrium. 

When illuminated by a low morming 
or evening Sun, a prominent system 
of concentric and radial impact ridges 
shows up well around Eratosthenes. 
Owing to the crater's great age, much of 
the external sculpting around the crater 
has been hidden by later lava flooding 
by Mare Imbrium to its north and Sinus 
Aestuum (Bay of Billows) to its south, 
but a fair amount of impact topography 
remains to be seen through relatively 
small instruments under a low Sun. 

Eratosthenes’ floor displays a central 
mountain massif surrounded by a 
hummocky landscape that is stained 
with numerous dark spots and other 
variations in albedo. Unusually for such 
a large formation, Eratosthenes is barely 
visible under high angles of illumination 
- the crater's wall vanishes more or less 
completely, but its central peaks and 


—— 


dusky floor patches can be discerned at 
local lunar midday. 

A century ago, Eratosthenes attained 
a certain amount of notoriety through 
the observations and opinions of 
astronomer William Henry Pickering, 
who observed Eratosthenes many 
times between 1919 and 1924. His vivid 
imagination convinced him that the 
dark spots on the crater's floor varied in 
intensity and, in addition, that the spots 
seemed to move around throughout the 
lunar day. Pickering, a fan of life on the 
Moon, speculated that the dark patches 
were vast swarms of lunar insects or 
herds of small animals constantly on the 
move, crawling or hopping around in 
search of sustenance. 

In reality, the spots on Eratosthenes'’ 
floor are composed of dusky surface 
material and are as motionless as its 
central peak. The patches do vary in 
their apparent tone, but so do countless 
other albedo features in response to the 
changing angle of sunlight. 

Eratosthenes is illuminated on 18 
August and you may just be able to 
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locate the crater to the northeast of 
Copernicus, embedded within the 
impact rays of Copernicus, but the 

lack of shadows makes this a difficult 
identification for a first-time observer. 
The lunar sunset terminator then 
moves slowly from the east during the 
following days, and hints of topographic 
detail within Eratosthenes gradually 
reveal themselves as the shadows 
deepen. By the morning of 26 August, 
the lunar morning terminator is 
encroaching upon Eratosthenes and the 
crater makes for a really splendid sight, 
preceding the mighty Copernicus on the 
sunrise terminator to its west. 

Early evening of 10 September sees 
Eratosthenes illuminated, and the crater 
appears resplendent at the westemm 
end of the Montes Apenninus, while 
nearby Copernicus is also an extremely 
prominent feature. Low-medium and 
high magnification telescopic views are 
highly recommended; there are plenty 
of subtle features on the Moon in the 
area nearby to see, including chains of 
craters, domes and ridges. 
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10x50 binoculars. 








Messier 2 

Similar to Messier 15, 
this globular cluster is 
just on the limit of naked 
eye visibility. It contains 


some of the oldest stars 
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How to... 


Get the best . 


Tum your telescope to the ice giant this 
Sa) B (S08 le smeew ae SeO)eNocm else! i observation 


You'll need: 
Y Star chart 
V Telescope (three 


inches or more) 
¥Y Tracking mount 


V Yellow-green, green 
or magenta filters 





Neptune is the furthest of the planets 
in our Solar System and as such, is 

the hardest to see. In fact, it wasn't 
discovered until 1846 and its existence 
was only surmised because of slight 
changes in the orbit of Uranus. 

Johann Gottfried Galle, a German 
astronomer, was the first to track 
down Neptune, and he did so with 
the mathematical prediction of a 
Frenchman called Urbain Le Verrier 
and using the nine-inch aperture 
refractor at the Berlin Observatory. 

We certainly don’t need such a large 
telescope to find it nowadays, though. 
However, you'll definitely need a 

telescope with an aperture of at least 
three inches (8Omm) or larger. Finding 
Neptune can be challenging because 

it will almost certainly, at first glance, 
look like just another star. However, 
with a bit of magnification, you should 
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see that unlike other stars, it has a 
noticeable, albeit very small, disc and 
presents a bluish colour, which is due 
to the frozen methane atmosphere of 
this remote planet. 

When a planet is at opposition, it is 
usually directly opposite the Sun in 
the sky, which means that it will be 
crossing the meridian, in other words 
due south, at midnight and will also 
be at its highest point in the sky. This 
will assist in finding it. It currently 
resides in the constellation of Aquarius 
and is less than 1.5 degrees to the 
southwest of the star Lambda Aquarii, 
a fairly bright star on the eastern side 
of the constellation. 

A good star chart or desktop 
planetarium software will help you 
find Neptune, or you can also search 
for it using its celestial co-ordinates, 
which at midnight on 2 September 


are 22h 49m O.4ls and -8° 28’ 13.4" 
(J2000) - useful if you're familiar with 
using telescope setting circles or have 
a computerised ‘GoTo’ system on your 
mount. A tracking mount will also 
help to keep your scope ‘locked on’ to 
Neptune once you've found it. 

Use a low to medium power at first 
to give yourself a reasonably wide 
field of view in which to search for 
it, and then once you've found it you 
can increase the magnification, if the 
sky conditions will allow it. A coloured 
filter may also help to show the planet 
up and in particular a yellow-green, 
green or magenta filter will bring out 
the planet's signature blue hue. 

When you finally do see Neptune, 
think of the excitement that Galle 
must have felt all those years ago 
when he first laid eyes on this frozen 
and remote world. 


© Shutterstock 


Use a star map 

A good star chart will help. If you see 
a ‘star’ that's not on the chart, you've 
found Neptune! 


Download the software 
There is a lot of planetarium software 
available. A good free one is Stellarium. 


Wait until opposition 
This occurs on 2 September and is the 
best time to hunt for the ice giant. 


Find the meridian 

Neptune crosses the meridian, the line 
from north to south, at 1.00 BST, or 
midnight UTC, on 2 September. 


Use a large objective lens 

A telescope with a large aperture is best 
for viewing Neptune, as the planet is 
quite faint in the sky. 
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Get the best views of Neptune 
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Improve your chances of seeing an ice giant 


It can be quite a tricky planet to spot. Follow our guide for the very best views... 





Neptune shines by reflecting light from the Sun, planet is at any given time. Midnight UTC is the best 

and as it is at a distance of 4.5 billion kilometres (2.8 time to spot Neptune, as it will be over 30 degrees 

billion miles), it is not very bright. You can improve above the horizon for UK latitudes at this time. Look 

your chances of seeing it though, by knowing where for the star Lambda Aquarii as a guide for finding | Send YOULL photos to 

it should be in the night sky. Stellarium or a similar Neptune and use a coloured filter to show up the ice photos@spaceanswers.com 
star charting software will show you where the giant’s blue surface. 
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Time your observations just right Keep track of the meridian 
Check the time and aim to hunt down Neptune around midnight UTC on the Scan the area of sky around the meridian, or due south, and close to the star 
night of 2 September, as this is when the planet is at opposition. Lambda Aquarii to try and spot the icy world. 
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= 
Use a filter for optimum views Start with a low power eyepiece 
Fit a coloured filter of either yellow-green, green or magenta to your eyepiece Use a low power eyepiece to locate Neptune, and then gradually increase the 
to help show up the planet's blue hue. magnification for more detailed views of the ice giant. 








Switch on any telescope drive you might have in order to keep Neptune in Now that you've found Neptune, have fun observing this icy and remote 
your field of view. This will allow you to view it easily. planet, which has only been known about for the last 170 years. 


~ Employ a motor drive for accuracy fp , Enjoy the view! 
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During late August and September evenings, the 
Great Square of Pegasus swings into view and 
although the inside of the ‘square’ seems rather 


barren, it can be a good test of how clear your skies 
are - in other words, how much light pollution you 
suffer from. If you can see seven or more stars 
with the naked eye, youre doing quite well. The 
constellation of Pegasus is attached, as it were, to the 
neighbouring constellation of Andromeda, which is 
home to the famous spiral galaxy of the same name. 
There is also another galaxy to see that’s not too 
far away, but due to its low surface brightness, it’s 
a much more challenging object. A nice open star 
cluster can be found in this region, too, which was 
discovered by Caroline Herschel. It's often overlooked! 
There's a planetary nebula as well, known as the Blue 
Snowball, along with a couple of globular star clusters 
for you to pick out. All in all, it’s a great region of the 
sky to visit with a telescope. 





-Andtomeda 





Globular Star Cluster M2 

Binoculars or a small telescope will show this 

object as a fuzzy ‘star’. A larger telescope will 
Start to resolve many of the stars in the cluster. 


2 Globular Star Cluster M15 oe © 


OS. 


Slightly brighter than M2, this globular star 
cluster will look great in telescopes with an 
aperture of six-inches (150mm) or larger. 


The Blue Snowball 


This planetary nebula looks like a star with 
some nebulosity around it in a small telescope. 
A larger scope will show a slightly bluish disc. 


| Great Andromeda Galaxy (M31) 





The core of M3] is a fuzzy blob in a small 
telescope, while larger scopes will reveal its 
Spiral structure. M32 and NGC 205 are found nearby. 


tn The Triangulum Galaxy (M33) 
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A difficult object to spot in a small telescope 
due to it being faint and spread out, but this 
lovely face-on spiral looks great in astroimages. 
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How to... 


Hunt for an asteroid 


There are some small rocky bodies in the 
Solar System that you can see with a telescope 


Pee gee 


Use a detailed star chart, or print one 
out from your planetarium software. 


A telescope of any size should show 
you 2 Pallas, but the larger the 
aperture, the better. 


To be sure you've found the asteroid, 
mark the position on your chart for 
eet rane 
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The asteroid will be a challenge to 
observe in light-polluted areas. For 
optimum views, you should head to 
an area with no artificial light, on a 
Moonless night. 


You will need only a moderate 
magnification to see the asteroid. 
Magnifications of between 20x and 
60x are recommended. 


@ James Caldwell; Alamy 


V Star chart or 
planetarium 


VY Medium-sized 
telescope or larger 


Y Tracking mount 


Asteroids are rocky bodies that orbit 
the Sun and they can vary enormously 
in size, from around ten metres (32.9 
feet) across to something the size of a 
small moon. A large number of them 
are found between the orbits of Mars 
and Jupiter and some of the very 
largest ones are detectable in amateur 
telescopes and are often named. 

The third largest asteroid known 
and the second one to be discovered 
in this ‘asteroid belt’ is called 2 Pallas, 
and it was first recorded in 1802 by a 
German astronomer named Heinrich 
Olbers. At first it was thought to be a 
planet, but when other similar objects 
were found, it was reclassified. 

As with any body in the Solar 
System that has an orbit outside 
of Earth's, it periodically comes to 
opposition, that is, it is opposite the 
Sun in the sky from our point of view. 
At this point we are usually as near as 
we can get to each other in our relative 
orbits. This in turn means that the 
object, in this case 2 Pallas, is about as 
bright as it can get and is available to 
view for much of the night. 2 Pallas’ 
opposition occurs on the night of 2122 
August, so if the skies are clear this is 
an excellent time to observe it. Having 
said that, this is a fairly small body and 
it is further away than Mars, so you'll 
need a telescope to see it. 

At this time, it will be on the 
borders of the constellations of 
Pegasus and Equuleus and will be 
crossing the meridian - the line 
running from due north to due south - 
around midnight UST, or 1.00am BST. 
A good way to find the asteroid is to 
use a Star chart. It is best to have one 
that shows stars down to at least 8th 
magnitude, so it is probably better to 
print out your own from your desktop 
planetarium or star charting software. 

2 Pallas will be shining at 
magnitude 9.2 at this time, so at first 
glance, it will look just like any other 
star in the field of view. Mark the 
position of the ‘star’ that you think 
is 2 Pallas and check it again for the 
following couple of nights if you can. If 
it moves relative to other stars shown, 
then you've found your asteroid! Sadly, 
however, 2 Pallas is too remote to be 
able to make out any definable shape. 
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Hunt for an asteroid N 


Asteroids can be quite tricky to spot, so follow these steps to improve your chances 


A telescope with an aperture of at least three- part of the sky. A tracking mount is useful, too, to 

inches (75mm) for a refractor, or six-inches (150mm) keep the field of view constant. Use your star chart to 

for a reflector, should reveal the asteroid. Use a pinpoint 2 Pallas and check this part of the sky over Send YOUL photos to 

low-to-medium power eyepiece and increase the the course of a few nights to check the movement of photos@spaceanswers.com 


magnification a little once you are looking at the right the asteroid against the background stars. 





Wait for culmination Look for the star Delta (6) Equulei Achieve a wide field of view 


The asteroid culminates (reaches its highest 2 Pallas will be three degrees due east of the Start with a low-to-medium power eyepiece in 
point) around midnight UST on 21-22 August. star Delta Equulei as it crosses the meridian. order to give you a wide field for observations. 





Compare your observations with a Carefully track 2 Pallas Record the asteroid's position 

star chart Make sure that your telescope drive is switched Once you think you've found 2 Pallas, mark its 

To find 2 Pallas, compare what you see with on as this will keep the asteroid in your position on your star chart and check it again 
the star chart and move your telescope accordingly. telescope’s field of view. the following night. 
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The Norther 
Hemisphere 


Galaxies and globular star clusters are easy pickings for 
well-equipped astronomers in the late summer 


As we head into late summer, the night 12 and Messier 14 are ideal for those who 
sky is alive with a selection of galaxies aren't looking to stay up too late. 

and star clusters. Starburst galaxy For those keen to stay up into the 
Messier 82, also known as the Cigar early hours of the morning, the galaxies 


Galaxy, and Messier 106, as well as of the constellation of Andromeda and 
neighbouring spiral Messier 94, all offer Triangulum wheel into view, as well 


splendid views this month. as a variety of open and globular star 
If youre quick, naked eye planets clusters, which are visible in a range 
Saturn and Mars are also visible at dusk of instruments. Remember to use 
before setting within a few hours, while this map under red light in order to 
star clusters such as Messier 10, Messier preserve your dark-adapted vision. 





This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


1SV4 


( Hold the chart above your 
“a head with the bottom of the 
page in front of you. 


( , Face south and notice 
“= that north on the chart 
is behind you. 


‘ ® The constellations on the chart 
“=” should now match what you 
see in the sky. 





Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0to 4.5 
ess 





Open star clusters 
Globular star clusters 
Bright diffuse nebulae 


Planetary nebulae Observer's note: 
The night sky as it appears 


Galaxies on 13 September at 
= approximately 10pm (BST). 
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Cigar Galaxy (M82) 
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Me & My Telescope, 








surat sthebisyre| 
Telescope: 
Sky-Watcher 
Explorer 150P 
“I have always , 
ECORV B coc r 
in astronomy but 
it didn't become a hobby untill . » < 
discovered astrophotography and 

bought my very first instrument: 

a Newtonian telescope. While I 

don’t have the benefit of a GoTo 

mount or autoguiding, Iam able 

to capture the beauty of a variety 

of deep-sky objects. When I 

image the Moon and other Solar A 
System targets, I use a modified 

webcam combined with a Barlow 

lens for magnified views, which 

provides me with stunning views 

of Mars, Saturn and Jupiter.” ° Orion Nebula (M42) 



















4 ~ 
a ir ‘a 
be Wee ae 
j oe renee eelicle Ce ee 


wa 






¥ 





a 
















Stages of a lunar eclipse 
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Send your photos to... “> @spaceanswers © photos@spaceanswers.com 
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Meade 20-60x80 Wildermess 


An instrument that’s built to last, this spotting scope is perfect for the 


casual astronomer and serious wildlife watcher 


Telescope 
advice 


Cost: £210 

From: Hama UK Ltd 
Type: Spotting scope 
Aperture: 3.15” (80mm) 
Magnification: 20-60x 


Best for... 


é 4 Intermediate 

| Medium budget 
é m= Planetary viewing 
( | ) Lunar viewing 


( : | Digiscoping 


“This Meade 


spotting scope 
features rugged, 
rubber armour 


to protect the 
optics from 
. moisture’ 


The eyepiece is 
angled at 45 degrees 
for a comfortable 
viewing experience 
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If you can't quite commit to a full- 
blown hobby in astronomy but you 
enjoy watching nature at play, then 
a spotting scope from the Meade 
Wilderness range could be the perfect 
optical instrument for you. 

On initial impressions, the 
20-60x80 is an excellent specimen. 
It features rugged, rubber armour to 
protect the optics from moisture and 
is finished to a high standard. The 
Meade Wilderness is supplied with a 
high-quality 20-60x zoom eyepiece, 
a soft case and camera adapter, but 
unfortunately it doesn't come with a 
tripod - something that this spotting 
scope requires for stable observations. 
For this reason, we think that the 
Meade Wilderness is suitable for those 
interested in casual astronomy and 
with a medium budget. If your budget 
is low, then we recommend taking the 
plunge and buying a telescope that’s 
much more geared towards observing 
the night sky and comes equipped 
with accessories and a tripod. We can 


certainly recommend any spotting 
scope tripods from the Meade range. 

Combined with its waterproof 
design, which allows nature lovers to 
watch wildlife in a variety of weather 
conditions, for that added protection 
the Meade Wilderness also features 
a nitrogen fog proofing inside the 
armour - something that observers 
of the night sky will appreciate. 
Astronomers know all too well about 
the condensation that a change in 
temperature can bring - from moving 
an observing instrument from the 
warm indoors to the much-colder 
outdoors - which can ultimately cause 
damage to the objective lens’ coating 
and the optical system in general. 

The Meade Wilderness ensures that 
condensation isn't a problem, allowing 
the sky-watcher to enjoy a selection 
of targets with little fuss. While the 
Meade Wilderness is coated in a 
generous amount of protective armour, 
this doesn't hinder the exquisite 
lightness of the instrument that makes 



















it ideal as a ‘grab-and-go 
scope’ for travel. 
Spotting scopes are 
often overlooked - even 
for the most basic 
of astronomical 
observations - 
but the Meade 
Wilderness 
certainly got our 
attention, since it 
was particularly 
useful when it 
came to observing 
the Moon, star 
clusters and the 
brighter naked eye 
planets. The warmer 
summer nights 
of August offered 
a good selection of 
targets to test the Meade 
Wilderness’ mettle. Mars 
and Saturn in the south 
got our immediate attention 
as the Sun dipped below the 
horizon at around 10pm BST. 
The spotting scope was easy to 
use, and we did not need to use a 
finderscope to find specific targets. 
Mars was an easy target to locate, a 
reddish-orange star that appeared as a 
salmon-pink disc through the Meade 
Wilderness. Small views of the Red 
Planet were achieved through this 
spotting scope, even using the 20-60x 
zoom eyepiece. We couldn't see any 
detail on Mars’ surface but the Meade 
Wilderness did provide clear and crisp 
views - particularly of Saturn in the 
constellation of Scorpius. Despite the 
small views of the gas giant, we were 
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STAR 
| Telescope clawatesy 


The spotting scope 
features rugged, 
Waterproof armour to 
protect the optics from 
Water and condensation 








___ The objective lens is multi-coated 
mbined with the Bak-4 prism, 
provides bright and clear views 


“The Meade Wilderness is 


ideal in low light and for 
basic astrophotography” 


able to make out the planet's rings 
and, while not as spectacular a sight 
as you'd get through a telescope with 
a medium-sized aperture, views of 
Saturn were Satisfactory. 

We waited until the next evening 
to catch the Moon at its first quarter, 
which provided excellent views of its 
cratered surface along the terminator. 
Operation of the zoom eyepiece was 
smooth, similar to the twist eyecup, 
which we noted to have very good 
eye relief, making it suitable for those 
with or without spectacles. The angled 
orientation of the Meade Wilderness’ 
eyepiece holder at 45 degrees made 
for very comfortable viewing. A multi- 
coated lens along with the Bak-4 


www.spaceanswers.com 


prisms ensured clear and crisp views 
across a very good proportion of the 
field of view when using the high- 
quality zoom eyepiece. 

This spotting scope is limited to 
the brighter targets of the night sky. 
So if nature watching is of no interest 
to you or you are just learning your 
way around the night sky, then we 
strongly recommend buying a pair 
of binoculars or a telescope that 
comes as a more complete package. 
On the other hand, if youre looking 
for an instrument that's portable and 
complements your existing kit, then 
this rugged spotting scope, which 
is ideal in low light and for basic 
astrophotography, is worth a look. 


The Meade 
Wilderness comes 
supplied with a 
20-60x zoom 
eyepiece, which 
fits snugly to 
\, the main tube 





apt 


A MEADE WILDERNESS 
20-60X80 SPOTTING SCOPE 


Bak-4 prisms, anti-reflection coatings and a waterproof 
casing make this instrument ideal for casual astronomy 


bimyOlbbCoe-W Ce) (RO) Meson tae Ime LbIKelele)Es 


and enjoy nothing more than dabbling ee Ta C41 of: 


in everything from bird-watching to 


observing the night sky, the Meade MEADE INSTRUMENTS 
Wilderness provides stunning views 


like no other. 

It features high index Bak-4 prisms, 
as Well as high-quality, precision lenses 
finished with layers of anti-reflection | a 


coatings, for optimal performance The smart solution 
equivalent to or better than any spotting 


scope in its class. Magnifications from 
20x to 60x, combined with an 80mm 
objective, provide bright and detailed 
images for a superb viewing experience. 
A sliding sunshade to reduce glare and 
rugged, rubber armour also provides an 
exquisite finish, creating a waterproof 
and fog-proof design. 


To be in with a 

chance of winning, 

all you have to do is 
answer this question: 
How far away is 
iw Vee elie 


system from Earth? 
A: 9.89 light years 
B: 4.37 light years 
C: 2.15 Te 
Enter via email at Ree ao eee 
or by post.to All About Space ete Cm td aime ce tate tle Sean mt 6EZ 


Visit the website for ae terms and conditions over at WWw. spaceanswers. com/competitions 


| 
| 
| 
| 





TELESCOPES Ltd 


www.harrisontelescopes.co.uk 


Call 01322 403407 


. Fi | 
BEGINNER TELESCOPES FROM UNDER £100 Upgrade Your Eyepieces: 
Vixen NPL Picssls from £49 


WiFi TELESCOPES FORANDROID & iOS ; 

“* , Available in focal lengths from.4mm to 40mm; 
COMPUTERISED TELESCOPES UPTO 20”’ these are the perfect step up from stock 
ASTRONOMY BINOCULARS FROM £33.99 Ba haat ual 


EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 


—— he + 
ii tiyl tl 
Miele leslie 


TELESCOPES EYEPIECES FILTERS MOUNTS & MORE 


DIGITAL SLR CAMERA ADAPTERS FROM - £11.00 | [wen to buy online from: 
MAINS 5 AMP POWER SUPPLIES - £26.00 www-.firstlightoptics.com 
SKYWAT CHER LIGHT POLLUTION FILTERS - £18.00 www.tringastronomycentre.co.uk 
QUALITY MOON FILTERS FROM =- £8.99 


*STARSENSE AUTOALIGN FOR SKYWATCHER* 
Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF 
01582 726522 www.vixenoptics.co.uk 


rhe. iC COAA + Algarve + eats = 

sunny days + 

| As ei magnificent sane + 
Festival ) starry nights + 


fabulous food + 
i : . i | 
2nd - 4th September [Las | Auge scopes! 


Our annual Astronomy Festival is — 
now in its 12th year. » 


Telescope Tours 

e Viewing (weather permitting) 

e Planetarium Shows 

e Trade Stalls 

oe =Te d0 g=1-) 

e Astronomy Ta 

atti (=e 

¢ Camping (weekend registration 
available) 

Oe sT-Y-V am ca ae Meee ey 

e Family activity fun day 

Batu teelaiere(-U leon 


Abu) lela! 

mee 1 | 
ela Ula) Road, Herstmonce ‘ 
s yent SET ae Et a] ine scaca) Contact us on 01202 Lisi 
01323 832731 Eine Locate adinfo@imagine-publishing.co.uk 
www.the-observatory.org 
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In the shops 


The latest books, apps, software, 
tech and accessories for space 
and astronomy fans alike 


| App 

Galaxy Collider 

_ Cost: £0.79 / $0.99 

From: iTunes 

If you want to be a master of galaxy smashing, then the 
Galaxy Collider app is the smartphone app for you. By 
simulating the physics of interacting galaxies, this app 
is quite an accurate simulation of what happens when 
these giant structures merge. 

Galaxy Collider is great fun to use and allows you to 
alter the size and number of galaxies in the simulation 
before you smash them together. On a couple of 
occasions though, we found that there were several 
glitches in the running of the app. For example, after a 
certain period of time had elapsed, the galaxies would 
reset even if we hadn't collided the structures. We also 
discovered that there is no way to put the collision into 
a ‘slow motion’ setting, despite advice from the help 
section of the app. The galaxies themselves don't look 
brilliant but, given the price and the general complexity 
of what the app is trying to achieve, that may not have 
been at the top of the developer's list. 








a Book 
How To Make A Spaceship 
Cost: £20 / $28 (released 22 Sept) 

From: Penguin Books 

How To Make A Spaceship focuses on entrepreneur Peter 
Diamandis’ efforts to create a private spaceflight industry. 
Author Julian Guthrie chronicles how Diamandis furthered 
the Space Race by offering $10 million (£7.66 million) to the 
first team who could prove that commercial spaceflight 

is achievable. Guthrie details Diamandis’ efforts to secure 
funding for the prize, setting the scene and putting the 
reader in Diamandis’ shoes. The author also skilfully weaves 
the stories of his partners, including Microsoft co-founder, 
Paul Allen and Virgin Atlantic founder, Richard Branson 
among others, giving a fascinating day-by-day look at how 
private spaceflight got off the ground. Guthrie doesn't shy 
away from the tragedies that have befallen the private 

Space industry either, discussing how they have affected 
the industry's future. Guthrie focuses on the personalities, 
financial dealings and inspirational side of rocketry, rather 
than the nuts and bolts, although, there is a smattering of 
rocket science, which is accurate and digestible. However, we 
do believe that the book is in need of photography to enrich 
the text. Overall though, a highly recommended read! 


Sor ae 
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In the shops 





Accessories 

Celestron 1.25” colour filters 

Cost: £10.58 / $13.95 

From: David Hinds Ltd 

If you're a keen observer of the night sky, filters are a must 
to enhance your views, and well-renowned manufacturer 
Celestron offers these accessories in their usual high quality. 
Easy to screw to the base of all eyepieces, provided they 
have a 1.25-inch fitting, we got stuck into observing the 
lunar surface along with Mars, Saturn and Jupiter. 

Turning our telescope to the surface of the Moon, the 
yellow filter didn't disappoint, picking out the even finer 
details of craters, as well as the belts and poles of gas giant 
Jupiter. Switching out for an orange filter, we were impressed 
with how Saturn's cloud bands improved our view of the 
ringed planet. We then took advantage of the Red Planet's 
positioning in the evening sky and employed a red filter to 
pick out the Martian polar ice cap. 

Celestron’s coloured filters perform just as well as they 
are made - the black rims around the edge are superbly 
manufactured, while the embossed Wratten Number and 
filter colour are easy to read under a red flashlight during an 
observing session. A great addition to your astronomy kit. 



















































Celestia v1.6.1 


Cost: Free 

From: celestiaproject.net 
Celestia brings the universe to your computer, offering 

a full three-dimensional representation of planets, stars 
and galaxies, and is based on the Hipparcos catalogue of 
more than 100,000 stars. What we enjoyed most about 
this software is that Celestia allows you to whizz off in 
any direction, at any speed, whether it’s a leisurely stroll 
or travelling at the speed of light. While the graphics 
were impressive for free software, we noted that - due 
to computer memory limitations - Celestia didn't go out 
much further than 16,000 light years. 

Celestia runs on a variety of operating systems 
including Windows, Linux and Macintosh and features 
a guided tour of the Solar System, an eclipse finder, an 
updated exoplanet database and an International Space 
Station tracker. The specially-made Celestia website 
features a user manual, showing you how to use the 
astronomy software - we recommend downloading 
this and taking the time to read it as Celestia isn't 
very user-friendly, but once you've cracked how to 
use it, it’s perhaps one of the most powerful pieces 
of software you'll ever get to operate. 
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Peake launched to space on 15 
December 2015 for a six-month 
mission onboard the ISS 


How this British astronaut finally made it to the ISS 


On 19 May 2008, the European Space 
Agency (ESA) launched its third 
astronaut selection process since it 
was formed in 1975. At the time, it 
just so happened that one retired 
British Army Major was browsing the 
internet when he stumbled across the 
application process. Thus, Major Tim 
Peake, aged 36 at the time, entered 
his name along with more than 
8,000 others to join the European 
Astronaut Corps - and we'Te guessing 
you already know how it turned out. 

Peake had dreamed of being 
an astronaut ever since he was a 
little boy, born in the small and 
unassuming city of Chichester in 
West Sussex, England, on 7 April 
1972. His mother was a midwife and 
his father a journalist, but inspired by 
trips to air shows with his dad, Peake 
decided to join the Air Force. 

After joining the Combined Cadet 
Force as a teenager, by the age of 
18 he already had 40 hours of flight 
time under his belt and was offered a 
place at the Royal Military Academy, 
Sandhurst. Peake was ultimately 
awarded his ‘wings’ in 1994, and went 
on to rack up more than 3,000 hours 
in the air during his 18-year military 
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career. In 2009, Peake brought his 
military career to a close - almost 

a year after he had submitted his 
application to ESA - to join a global 
helicopter manufacturer as a senior 
test pilot. But in May that year, Peake 
discovered that he had been offered 
one of six places on the European 
Astronaut Corps and duly turned his 
attention towards training to head 
into space. 

It should be noted that Peake was 
the first British astronaut selected 
by ESA, earning him the moniker in 
various media outlets as Britain's first 
“official” astronaut. Of course, there 
have been others - Helen Sharman in 
1991, for example, and several more - 
but they were either privately funded 
(such as in the case of Sharman) or 
were citizens with dual nationality 
who flew under NASA's wing. 

But whatever label we use for 
Peake, his achievement is still hugely 
impressive. Following his selection, 
Peake was put through a rigorous 
14 months of training in Cologne, 
Germany and Star City, Russia. This 
included everything from learning 
how to operate the robotic arm on the 
International Space Station (ISS), to 


extreme survival training in a cave in 
Sardinia, Italy. 

Then, in 2013, the moment that 
he had been waiting for came: NASA 
and ESA selected Peake to be one 
of three crew members that would 
launch to the ISS in December 2015, 
as part of Expeditions 46 and 47. Two 
years later, on 15 December 2015, 
Peake successfully launched from the 
Baikonur Cosmodrome in Kazakhstan 
to the ISS, beginning a six-month stay 
on the orbiting outpost. 

Peake shared his time on the 
ISS with American astronaut Scott 
Kelly and also oversaw the arrival of 
several spacecraft, including SpaceX’s 
Dragon capsule. Alongside performing 
ground-breaking science and research 
in space, his so-called Principia 
mission was, without a doubt, also an 
inspiration to countless children - and 
adults, too - back home in the UK. 

For Peake, going to space was a 
dream come true. There have been 
British-born astronauts before and 
there no doubt will be again. But 
after his return to Earth on 18 June 
2016, Peake is well deserving of all 
the plaudits he has received. Ground 
control to Major Tim, indeed. 
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OPTICS OF DISTINCTION 


ELINOR 


The award winning Elinor range has it all with an ultra wide field of view providing a 
high resolution, comfortable and an incredibly stable image. Features include large 
eyepiece lenses for very comfortable, long eye relief viewing. 

The body has tough rubber armour and is waterproof. 


All surfaces are fully multicoated further enhancing brightness and clarity. Optical 
Hardware's broad lightband transmission ensures incredibly accurate colour rendition. 





V EA R Available in a choice of magnifications 


GUARANTEE 7X50 | 8x45 | 10x50 | 12x50 


a CA | Ostara binoculars are manufactured and distributed by Optical Hardware Ltd. 
— , WARE For more information and to find your nearest stockists, please visit www.opticalhardware.co.uk/stockists 
HARD All offers are subject to availability, prices and specifications are subject to change without notice. E&O.E. Your statutory rights are not affected. 


e PARABOLIC DOBSONIANS 


All these Sky-Watcher Dobsonian Models feature High Quality Parabolic 
Primary Mirrors to eliminate spherical aberrations. 
The mirrors are ‘parabolised’ to bring all the light rays to the same focal 
point to produce sharp, contrasty images, which are full of detail. 














Prod.Code 10245 \ 


Prod.Code 10240 














Prod.Code 10213 | ¢* 


- | 


150P 6” (f/7.8) Prod.Code 10716 SAP £239 
Skyliner-300P 
200P 8” (1/5.9) Prod.Code 10717 SRP £319 nn ee 
FlexTube™ 


200P 10° (f/4.7) Prod.Code 10668 SRP £479 





SAP £949 







/  SKYLINER FLEXTUBE™ PARABOLIC DOBSONIANS 
| “Despite their great performance to cost ratio, Dobsonians can be rather bulky 











































in larger apertures, Out Sky-Waicher have addressed tins with then ] 
fr and aesthetically-pleasing Flextube™ range. With their collapsible tube desig 
Skyliner-200P ditch cr acca Gas eG ac Ae cid ec 
2 } : \ Ade Ashford.www.scopetest.com / 
) 250P 10” (f/4.7) Prod.Code 10157 SAP £599 
at 300P 12” (f/4.9) Prod.Code 10158 SRP £949 
350P 14” (£/4.5) Prod.Code 10228 SRP £1429 
400P 16” (f/4.4) Prod.Code 10230 SAP £1899 
200P 8” (f/6)  Prod.Code 10224 SRP £849 j 3 ae, 5 
250P 10” (1/4.7) Prod.Code 10225 SRP £1069 Cee Lue 
Dobsonian 


300P 12” (f/4.9) Prod.Code 10226 SRP £1559 
S00P 14” (f/4.5) Prod.Code 10227 SRP £2099 


. Siete) 
400P 16” (f/4.4) Prod.Code 10231 SRP £2599 \ 





Skyliner-350P FlexTube } 
Synscan™ Go-To 
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Our Products are Available from Dealers throughout the UK co7 i Please contact us, or Check our Website for your Nearest Stockist 
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he dt Mark Ne eae www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 


SUFFOLK IP30 SUP 


Email: info@opticalvision.co.uk 


www.barrandstroud.com and ‘Zenith’ Microscopes. 





